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THE railroads carry the life-blood of our society. They pro- 
vide that circulation or communication between parts which is 
indispensable to the life of all organisms—physical, social, and 
economic. If circulation ceases, life also ceases; and the life of 
an organism is healthful in the same degree that the circulation is 
free and active. 

The railroads are the arteries of our social order. To dis- 
pense with them and to depend entirely upon the smaller channels 
of transportation, such as wagons, motors, and, in this day of 
scientific farming, the tractor, would be to tax the capillaries of 
our body politic with the work of arteries and to result in mortal 
congestion. It is essential that the capacity of our system of 
railroads keep pace with the rapid growth of our institutions, that 
they may not atrophy and die. 

The fact that the railroads have an importance to the social 
body equivalent to that of the vascular system to the human body 
should be enough to convince the public that it is as unwise to 


* Presented at a meeting of the Mechanical and Engineering Section held 
Thursday, April 27, 1916. 
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hamper and interfere with the operation of railroads as it is for 
a man to restrict the flow in his arteries. 

The business of the railroad is to move trains. Therefore, the 
value of its right-of-way properties is in direct proportion to their 
capacity for the movement of trains. It has been well said that 
time is the essence of railroading ; that is, the fundamental purpose 
of the railroad is to save time. To increase traffic capacity in- 
volves operating at higher speeds, and at more frequent intervals, 
trains of a greater number of cars, with greater carrying capacity. 
Increased traffic capacity means a greater number of ton-miles and 
passenger-miles per unit of time. 

It goes without saying that an increase in the number of tracks 
of a railroad will enlarge its capacity, and enlarge it in greater 
proportion than the increase in the number of tracks, for additional 
tracks permit the segregation of traffic according to kind, and also 
prevent a tie-up on one track to tie up the whole line. Also, grade 
and curve reductions enable the running of longer trains at higher 
speeds, so far as getting trains into motion and keeping them there 
are concerned. 

But to get the maximum volume of traffic out of any set con- 
ditions of roadway it is necessary to employ the most improved 
means of train control; that is, there is a vital relation between 
train control and the service which railway properties can render, 
and this service is the measure of their value. 

The relation of the wheel flange and the rail in providing /ateral 
control to the movement of trains is a commonplace, and crosses 
the threshold into consciousness only when a broken flange puts 
a train into the ditch, with great loss of life and property. Simi- 
larly, the significance of longitudinal control, or, more simply 
stated, the ability to stop, does not receive the appreciation it 
merits. Naturally, were motion not imparted to a train, it would 
require no provision for control. To put a train into motion 
without adequate control would be more futile, not to mention the 
danger, than not to have moved the train at all. 

Consider what the congestion in modern traffic would be were 
it necessary to remove all forms of hand and air brakes from 
existing equipment. Based on the results of experiments con- 
ducted on the Illinois Central Railroad by Prot. E. C. Schmidt, and 
confirmed by tests we have made, a passenger train stop from 
60 miles per hour due to internal friction alone would require 
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something over 30,000 feet—about six miles—as compared 
with 1000 feet, the stop distance for a passenger train equipped 
with the most modern brake, and a time of about 14 minutes, as 
compared with 20 seconds. Basing the headway upon the time 
required to run six times the stop distance, the modern trains with 
brakes could be operated at intervals of 1.14 minutes, compared 
with 34.1 minutes for the system of trains without brakes ; that is, 
30 trains run now where but one could run, lacking brake 
equipment. 

Fig. 1 compares the performance in retardation of trains with 
and without control equipment. The stop from 60 miles per hour 
for the train without brakes is seen to be 34,825 feet instead of the 
conservative figure (30,000 feet) used above. 

But in order to operate the two systems of trains with equal 
safety it would be necessary to run the train without brakes at a 
speed from which it could stop in the same distance as the train 
equipped with modern brakes. This speed would have to be about 
nine miles per hour in order that the train might come to a stop 
in 1000 feet. This lower speed permits, of course, reduced head- 
way, amounting, on the above basis, to 7.6 minutes. If now the 
velocity in miles per hour is multiplied by the number of trains per 
hour for each system of trains, a comparison of train-miles per 
hour can be made. This is 3150, compared with 71 train-miles 
per hour, or a traffic capacity 44 times greater for the system 
of trains using the air brake—the increase being due to that one 
thing alone, viz., the use of modern air brake equipment. 

Overlooking the fact that the stup from nine miles per hour 
with the train lacking brake equipment requires 125 seconds, as 
compared with 20 for the stop from 60 miles per hour with the 
air-braked train, and taking the average time between terminals as 
inversely proportional to the maximum speeds above considered, it 
would take 133 hours, or 514 days, to ride from New York to 
Chicago on this train, instead of the usual 20 hours. 

Without the use of brakes it would be impossible to operate 
trains over any grade exceeding ten feet to the mile. At this 
point a stop would be indefinitely prolonged and the time between 
trains correspondingly increased. Consider, if you can, what it 
would mean to our railroads if they had to carry grade reduction 
to the point of having two-tenths of one per cent. as the maximum 
permissible grade! 
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And, finally, the element of flexibility, or ability to apply any 
part of the total range of braking effort at the desired moment, 
comes up for the comparison which baffles numerical illustration. 
It can be said, however, that the train without braking effort other 
than that of internal resistance has this braking effort all on all 
the while, and it can be modified only by applying accelerating 
effort. The modern air brake, on the other hand, permits all de- 
grees or gradations, up or down, of braking effort, from the very 
minimum needed to slow down or stop from low speeds to the 
very maximum needed in an emergency while running at high 
speeds. Imagine the degree of skill necessary on the part of an 
engineman in handling a train without brakes to “ spot ” baggage, 
a coal chute, or a water tank, involving, as it would involve, 
variations in grade, curves, train resistance, etc. 

Comparing the effectiveness of the hand brake with that of the 
modern air brake, it is found on the foregoing basis that about 
eleven trains can be run, equipped with the latter, to every one 
equipped with the hand brake, the stop distances being gooo and 
1000 feet, respectively, from a speed of 60 miles per hour. Putting 
the two equipments on the same stop basis, viz., 1000 feet, the 
maximum speed permissible for the hand-braked train is 20 miles 
per hour, and the traffic capacity for a system of such trains 1s 363 
train-miles per hour, as compared with the 3150 established above 
for the air-braked trains, or nine times less. It would take 60 
hours to travel from Chicago to New York, or the distance would 
be virtually increased three times, viz., from 1000 to 3000 miles. 

All of this is based on having a brakeman at every wheel and 
ready to do his part at the appointed time. In this light, it is seen 
that the service stopping distance would be shorter than the emer- 
gency, because in the latter the surprise, or lack of preparedness, 
element would lengthen the dead time obtaining at the beginning 
before the brakes could be started into action. 

Picture the number of brakemen which would be required to 
handle our modern passenger, and particularly our modern freight, 
trains; and also the lack in flexibility afforded the engineman in 
making stops at desired points, and in controlling a train down a 
mountain whereon it is necessary to make allowances for changes 
in grade, curvature, and other local conditions. There can be no 
team work equal to that possible in one player only—no coordi- 
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nation like that found in a single man—and the control of a train 
concentrated in one person, with the corresponding concentration 
of responsibility, is the ideal condition, due regard being given, 
of course, to any and all practical provisions for a “ watchman 
to watch the watchman.” The fireman in the cab, the “ dead- 
man’s ’’ device for electric traction service, the conductor’s valve 
on the train, and the automatic stop and cab signal are some to be 
properly mentioned in this connection. 

Having attempted to sketch briefly the tremendous importance 
of adequate control for the movement of trains, provided by the 
modern air brake, to the question of traffic capacity, which is of 
such pressing moment to every railroad manager, it is well to turn 
to the financial phase of the matter. In other words, is the invest- 
ment in modern brake apparatus a paying investment? Does the 
return warrant the expenditure ? 

Using American railway statistics for the year 1914, the aver- 
age per diem mileage for each freight car is 24.5, and the average 
load per car, involving loaded and empty car movements, is 13.9 
the cost to the consumer of the 


or 


tons. The revenue per ton-mile 
railroad’s product—is the astonishingly low figure of 0.733 cent, a 
rate unequalled by any other nation on the face of the globe. The 
product of these three figures gives $2.50 as the daily revenue for 
each car. An annual depreciation and maintenance charge of 
4 per cent., added to 6 per cent. for the interest on the investment, 
gives a total of 10 per cent., which, applied to an average cost of 
$40 for the air brake equipment per car, results in a daily charge 
for this equipment of 1.095 cents. This is but forty-four one- 
hundredths of one per cent. (0.44 per cent.) of the daily revenue 
which the brake makes possible, a revenue which, without the brake, 
would drop to five cents per day or less with the same ton-mile 
charge, instead of the above $2.50, due to the fact that the ton- 
mileage per car would be cut forty times; that is, it would take 
forty cars without the brakes to do the work of one car equipped 
as at present, theoretically speaking. Practically considered, it is 
impossible to say how much the unit costs per ton-mile would be 
raised if the brake were dispensed with, for the features of neces- 
sary grade reduction, lack of flexibility and safety, make it absurd 


to attempt an estimate. 
However, using the same basis, it is found that an additional 
investment for brakes of 4 per cent. of the value of a car, using 
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$1000 for the latter, increases its capacity forty-fold. In other 
words, an investment of $40 corresponds to an alternative invest- 
ment of 39 times $1000, or $39,000. Assuredly it requires no 
marked business acumen to choose between these alternatives! 

It may be advanced that other countries, using brakes which 
do not even approximate ours in efficiency (to say nothing of the 
cases where automatic brakes are not used at all), are getting 
along; are hauling freight every day, and are keeping trains in 
motion pretty well generally. 1 wonder if they are also aware of 
the fact that, despite greatly reduced labor costs, the ton-mile rates 
elsewhere are a number of times greater than ours. This is of 
great concern to us, for, in the last analysis, a difference in freight 
rate of one dollar per ton for a certain haul may mean two or 
three times this amount before the bill reaches the ultimate con- 
sumer—not the shipper, but the consumer of the article shipped. 
And, after all, the final economic burden always rests upon the 
commonwealth. 

In his discussion of Mr. J. S. Y. Fralich’s paper on “ Freight 
Car Brake Installation,” presented before the \Western Railway 
Club last December, Mr. W. E. Symons illustrates in a striking 
manner the comparative values of the air brake equipment and the 
life and property which it safeguards. He says: 

“In estimating the value of the train (Twentieth Century, 
18-hour train) with 200 passengers, on the usual legal estimate 
of passengers, the train and its contents would be worth 
$1,157,000, and the brakes on the train would be worth approxi- 
mately $2255, which is a little less than two-tenths of 1 per cent. 
(0.195 per cent. ).”” 

Insurance has developed wonderfully of recent years into an 
exact and indispensable science—an institution which wholesomely 
establishes more firmly every day that economic equity towards 
which we shall and must come some day. Did you ever consider 
the air brake in relation to insurance? Suppose we assume that 
each full train equipment mentioned by Mr. Symons makes 150 
trips per year between New York and Chicago. This is a very 
conservative estimate, providing, as it does, ample allowance for 
terminal lay-overs for cleaning, maintenance, etc. The average 
per diem value of the train must then be taken at 150/365 x 
$1,157,000 = $475,000, as it takes approximately one day for each 
trip. It is difficult to say where the line should be drawn between 
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the insurance charges for the air brake and the service or traffic 
charges, because the insurance arises in the potential or latent 
power of the equipment to make an emergency stop when the neces- 
sity arises, and therefore practically all the wear and tear comes 
in, and should be charged to, ordinary service. Using, however, 
the liberal allowance of an annual charge of 4 per cent. for depreci- 
ation and maintenance and 6 per cent. for interest on the invest- 
ment, the total of 10 per cent. gives a daily charge on $2255, the 
cost of the brake equipment, of almost 62 cents. This is 13 one- 
hundred-thousandths of 1 per cent. (0.00013 per cent.) of the train 
value—quite a remarkable insurance rate, all will agree. Even if 
multiplied 100 times in order to include everything involved in the 
operation of the train, such as signal systems, etc., it still remains 


an unusually low rate. 

Of course, safety appliances are in the nature of preventive in- 
surance, for in event of a wreck there is no reimbursement for the 
damage. It is about as difficult to exactly estimate the insurance 
value of the air brake to transportation by rail as it is to estimate 
that of the compass to transportation by water. It may seem 
startling to liken the worth of the air brake to that of the compass, 
but it is true that each is indispensable in its own service. And it 
may be even more startling to say that the brake is of greater 
value than the compass. This is not so extreme, however, when 
one reflects that practically all the tonnage handled by water is also 
handled by rail, and that much tonnage is carried by rail which 
has nothing to do with water shipment. In other words, trans- 
portation by rail is the more important because there is more of it. 

The hazard for transportation by rail calls for a rate of about 
1.25 per cent. in the insurance world. The better insurance com- 
parison then would be to compare this with the rate which would 
be demanded in event that all railway equipment were stripped of 
its air brake apparatus. The rate would jump so high and to such 
an uncertain figure that in all likelihood no insurance company 
would be willing even to consider such a proposition. 

Up to this point the most extreme conditions have been con- 
trasted in order that the present stage of railway science may be 
measured as nearly as possible on an absolute scale. All inter- 
mediate degrees of comparison may be had according to the 
development stages which are compared. To provide for the 
making of comparisons in greater detail and to facilitate an accu- 
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rate analysis of all the factors and their limitations for maximum 
traffic capacity an outline has been prepared which the subsequent 


portion of the paper will follow. 


FIG. 2. 
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Operating conditions in 1880 differed quite materially from those of to-day. New problems 
require new solutions. To stop a modern passenger car from 65 m. p. h. in 25 seconds requires 
1920 brake horse-power and certainly brake apparatus improved over that used on the coach of 
1880 to give 149 brake horse-power for a corresponding stop from 35 m. p. h. 


Before examining this outline, first consider briefly some of 


the changes that have occurred 


in operating conditions on our 


railroads. The contrast between conditions obtaining in 1880 
and those now demanding ever more and more careful and scien- 


tific consideration is graphically portrayed in Fig. 2. 
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The outline for the balance of the paper now follows: 


TRAFFIC CAPACITY FACTORS AND THEIR LIMITATIONS FOR MAXIMUM TRAFFIC 
ON STEAM AND ELECTRIC RAILWAYS. RIGHT-OF-WAY CONDITIONS CONSTANT. 


CAR UNIT 
Factors Determined and limited by 
{ Length of car: 
| Clearances on curves. 
| Width: 
Clearances. 
Height: 
Clearances. 
Weight: 
Rails and road-bed. 
| Bridges. 
| Contrast between empty and loaded weight 
| —dead weight per ton of lading. 
Volume of air for control. 
Brake shoe duty. 
| Draft gear capacity. 


ERE eT oi ae | 


‘ Coéperation on part of shippers. 
+ Reduction of empty haul. 
| Grouping of l.c.l. lots. 
Terminal facilities for: 
Loading. 
Per diem mileage................4 Unloading. 
Maintenance. 
| Demurrage. 


Car loading (average percentage 
of possible capacity realized) 


Ter ee ‘ Organization. 
| Cost. 
TRAIN UNIT 
Factors Determined and limited by 
Locomotive capacity: 
Single shoe brake rigging. 
| Length of sidings. 
Station platform length—electric railways. 
Train control: 
Slack action: 
Serial brake action. 
Electro-pneumatic brake. 
Uniform braking ratio. 
Impact—slid flat wheels. 
Foundation brake gear. 
Brake cylinder pressure regulator. 
Grade service. 
Volume of air: 
Release of brakes. 
Draft gear capacity. 


Train length (number of cars).... 


Car door arrangement and capacity for 
ingress and egress. 
| Station arrangement. 
) Local conditions as to number of passengers 
to load or unload. 
Picking up and setting out cars: 
Making up trains in rapid transit service. 
{ Automatic car, air and electric couplers. 


Time of station stops............ 
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TRAIN UNIT—Continued 
Factors Determined and limited by 
( Terminal facilities: 
Delays to trams... .....6...% ‘ Trains getting into or out of yards. 
Defective or inadequate equipment. 


| 
( Locomotive equipment—steam railways. 
| Motor equipment—electric railways: 
Line-voltage regulation. 

| Regenerative braking. 

) Selective relays for empty and loaded 
a conditions of motor car. 

| Number of motors and trailers in train. 

| Train resistances: 

| Foundation brake gear. 

| Grade. 


{ Acceleration. 

| Station spacing. 

| Retardation: 

) _ Electro-pneumatic brake. 
| Grade: 

| Running control. 

| _ Stops. 

| Curves. 


Acceleration............. 


a re 


{ Maximum speed. 
Weight of car: 

Volumes of air. 
Brake shoe duty. 
Difference between empty and loaded 

re ie { condition. 

| Foundation brake gear. 

| Number of cars—shocks due to serial brake 

action. 

| Air brake equipment. 

| Rail conditions. 

: ; 

| Regenerative braking. 


SYSTEM OF TRAINS 
Pactors Determined and limited by 
( Safety: 
| Retardation. 
| Maximum speed. 
Installation and characteristics of signal 
apparatus. 
Acceleration. 
Length of train. 
Time of station stops. 
Speed control devices. 
Local roadway conditions: 
Station spacing. 
Curves. 
Grades. 
Interlocking plants. 
Bridges. 
Junctions, etc. 


\ 


Headway or spacing of trains..... 


This outline is grouped according to the car unit, the train 
nnit, and the system of trains. 
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THE CAR UNIT. 

The part the car unit plays in deciding maximum traffic capac- 
ity depends upon: Ist, what it can carry; 2nd, the extent to which 
this total lading is realized during all movements of the car; 3rd, 
the daily mileage the car makes; and 4th, the condition in which 
it is maintained. 


CAR CAPACITY. 

The length, width, and height of the car govern the load it 
can transport, and these in turn combine to establish the total 
weight of the car. Right-of-way clearances limit all these 
dimensions. 

Clearance limitations on curves dictate as to the length of the 
car. If the distance between truck center plates is increased, the 
center of the car on the inside of the curve approaches the clear- 
ance limit set for way structures. If the length, or overhang, 
beyond the center plates is added to, the danger of fouling comes 
on the outside of curves and the additional requirement arises that 
the couplers must have increased swing. This in turn means that 
new equipment will not couple satisfactorily with the old, so far 
as operation on curves is concerned. ‘The new 67-foot cars for 
the New York Municipal Railway probably represent the maxi- 
mum for electric traction service. Pullman cars have come to a 
length of 82 feet from the 50-foot passenger coach of 1880. The 
freight car has more severe conditions under which to operate in 
the way of sharp curves on industrial sidings, and 44 feet mark its 
limit—which, however, contrasts well with the 28-foot car of 35 
years ago. 

The width and height of all vehicles must, of course, conform 
to tunnels, bridges, and various road structures. Right here the 
reminder may be made of how simple many problems would be if 
we could only start anew without having to conform to old limi- 
tations—such as introducing the six-foot gauge, with clearances 
to provide for the future development of centuries, and all things 
to correspond. The most difficult problem the railway engineer 
has to solve is the one of interchange and conformity with existing 
equipment and conditions. 

The weight of rolling stock can be no greater than the rails 
and supporting road-bed and bridges will warrant. The advent 
of heavy motive power in the way of Mallet, Sante Fé, Mountain, 
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Mikado, and other types of locomotives has brought about the 
strengthening and replacement of bridges and the laying of 
heavier rail. If an average axle load of 65,000 pounds (which 
ranges far above and below this, due to the effect of re- 
ciprocating parts) is permitted for a locomotive, it would cer- 
tainly seem that 50,000 pounds could be permitted for a freight 
car where low speeds and the lack of need for riding qualities 
do not introduce other considerations. As a matter of fact, 
a railroad in the Southeast is contemplating the use of freight 
cars which when loaded will have an axle load of about 53,000 
pounds. Of course, the tax a load imposes depends upon its 
frequency as well as its quantity, and therefore it is to be expected 
that a train of heavy axle loads would more severely burden the 
rail than a train with the great axle load on the locomotive only. 
The rail is the limiting factor for wheel loads, and it has been nip 
and tuck for the makers of steel rails to keep pace with the recent 
increases in wheel loads. The bridge is the limiting factor for the 
total weight of vehicle, and it must be remembered that a bridge 
strengthened to sustain successfully a single Mallet locomotive 
and cars of the usual weight might not be able to handle two or 
three locomotives together, or a locomotive and a train of cars 
each of which approaches the weight of a locomotive. 

The freight cars above mentioned will weigh about 315,000 
pounds loaded, which is the weight of our “ largest ” locomotives 
of a few yearsago. The lading capacity is to be 245,000 pounds, 
which makes the ratio between the loaded and empty weights 
4.5, or, viewed in another way, the dead weight per ton of lading 
is 571 pounds. For the 40,000-pound car of 80,000 pounds capac- 
ity, hailed as the latest word but a few years ago, the ratio of 
loaded to empty weight is but three ; that is, there are 1000 pounds 
of dead weight for every ton of lading. 

This decrease in dead weight with relation to lading capacity 
and also the greatly increased total capacity of the modern freight 
car display a significant trend in the reduction of unit costs on the 
part of our more and more efficient American railways. It also 
displays an operating condition correspondingly difficult, for the 
contrast between the empty and loaded weight has become so great 
that former brake apparatus—fully able to care for the wide range 
of operation through which it has served so long—has now become 
quite inadequate. A curious inconsistency is encountered in the 
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expectations some people have concerning the permanence and 
range of brake equipment, designed for operating conditions of 
20 years ago, to continue with unchanging efficiency, and in their 
unquestioning discard for all time of the wooden underframe and 
the draft gear of archaic capacity. 

The braking ratio for a brake installation is defined as the 
nominal relation between the brake shoe pressure, equal on each 
wheel, and the weight each wheel imposes upon the rail. If all 
wheels are not braked, or not braked equally, it is taken as the 
relation between the sum of all brake shoe pressures and the total 
weight of the car. 

The “ single capacity ’’ brake is the one most generally found 
in railroad service to-day. It is one in which a constant braking 
force is used for all conditions of car loading, which results in a 
widely varying braking ratio. If a freight car is braked at 60 
per cent. of its empty weight, on a cylinder pressure of 50 pounds, 
and the ratio of loaded to empty weight is three to one, the braking 
ratio for the loaded car becomes 60/3, or 20 per cent., the cylinder 
pressure basis still remaining 50 pounds. Witha loaded to empty 
car weight ratio of 4.5 to 1, the loaded car braking ratio drops 
to 60/4.5, or 13.3 per cent. The brake installation must base the 
braking ratio on the empty weight of the car, and not higher than 
60 per cent. Otherwise, if this 60 per cent. were based upon the 
loaded weight, the empty car braking ratio would be raised to a 
point prohibitive because of the far more violent running of slack 
and the slid flat wheels it would produce in long trains. 

This greatly lowered braking ratio for the loaded freight car 
means two things: First, it means that trains of such cars cannot 
be controlled down a great many of our main line—to say nothing 
of our branch line—grades without resorting to either greatly 
restricted train lengths, the operation of empty cars in the train 
in order to provide the additional braking effort needed, or the use 
of an empty and load brake which maintains a more nearly con- 
stant braking ratio by varying the braking forces in accordance 
with the loading of the car. Second, it means that violent slack 
action in trains of loaded cars mixed with empties is much more 
certain to occur, with its inevitable damage to lading and equip- 
ment. For slack action arises in and is proportional to the varia- 
tion in retardation between the different cars in a train, and 
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the retardation of each car is a direct function of its effective 
braking ratio. 

The increased total weight of each vehicle is also of great sig- 
nificance here. Many ask why it is that to-day shocks in train 
operation occur with the magnitude and frequency unknown a 
few years back. For the same velocity difference between two cars 
in a train the severity of impact will depend directly upon the car 
weights—the heavier the cars the greater the impact. Other 
things being equal, the 70,000-pound car will give almost twice the 
shock obtaining with the 40,000-pound car. This is a partial 
answer to the question. The balance is found in increased velocity 
differences due to greater train lengths, which will be discussed 
under “ Train Length and Serial Brake Action.” 

The new motor cars for the New York Municipal Railway are 
built to accommodate 260 passengers, making an increase of 35,000 
pounds from the empty weight of 85,000 to 120,000 pounds 
loaded. This represents a loaded to empty weight ratio of 1.41— 
quite insignificant when compared with the ratios found in freight 
service. But ina municipality like New York trains are run “ on 
the second,” and it is essential, for the sake of maximum traffic 
volume, to have retardation at all times independent of the con- 
dition of car loading, and, of course, an empty and load brake is 
required. This is quite apart from the questions of control on 
grades and slack action in trains, because the weight ratio is so 
small as to render the former negligible and the electro-pneumatic 
brake circumvents any difficulty from the latter. 

The empty and load brake equipment for these motor cars is 
so arranged that a constant braking ratio is had for all conditions 
of car loading, and brake flexibility is also maintained ; which is the 
ability to graduate braking effort on or off in any desired series 
of steps between maximum and minimum. This is the ideal oper- 
ation, but the apparatus necessary to obtain this highly desirable 
result is, at the present stage of the air brake art, a refinement quite 
out of keeping with the features of modern freight service. The 
difference between the empty and loaded weight of the steam road 
passenger coach is so comparatively slight that demands are not 
encountered similar to those of very dense interurban traffic.. 

In this connection, viz., the relation of live load to dead weight, 
digress for a moment to consider the comparative transportation 
revenues per ton-mile for passenger and for freight service. The 
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average capacity for all freight cars is about 40 tons (39 tons in 
1914), and the average light weight probably 20 tons, or one- 
half the capacity. This makes the actual ton-mile rate for the 
total weight 40/60 x 0.733 cent (the net ton-mile rate for 
1914), o0ro.49 cent. In passenger service, on the other hand, this 
rate is 0.31 cent per ton-mile—determined by estimating a load of 
100 persons on a seven-car train which weighs 735 tons complete, 
and a passenger-mile rate of 2% cents. Thus the passenger rate 
is but thirty-one forty-ninths, or 63 per cent. of the freight rate, 
despite the fact that the cost of handling passenger trains is far 
in excess of that for freight trains, due to fast schedules and the 
many conveniences demanded by the travelling public. 

In the passenger empty and load brake the selective mechanism 
is thrown into engagement by the opening of the car doors. Be- 
fore the car doors are shut passengers have been discharged and 
taken on, and the car loading is that under which operation will 
take place until the next stop is made. Closing the car doors 
disengages the selective mechanism to save it from wear and tear 
and from cutting in and out due to inequalities of track. One por- 
tion of this device is attached to that part of the truck which keeps 
it at a constant distance from the rails. The other portions are 
connected to the car body, and relative motion between the two— 
a function of the movement of the truck springs and, therefore, 
of the car weight—provides that base for the variation of volumes 
and valves which gives the desired result. This device also oper- 
ates selective relays which provide a current supply to the motors 
so proportioned to the weight of the car that acceleration, as well 
as retardation, is constant, irrespective of the condition of car 
loading. 

Without this means for providing uniform retardation the 
headway and schedule of trains, to the extent that they are de- 
pendent upon retardation, would be impaired 40 per cent. during 
loaded car movements—which, of course, constitute the critical 
phase of train operation. 

The empty and load brake for freight service employs two dis- 
tinct braking forces, due to the operation of one or of two brake 
cylinders during brake applications. The full service braking 
force obtained with the one cylinder is 60 per cent. of the empty 
weight of the car, as in the case of the single capacity brake. It 
is used with the empty and partially loaded car. But when the 
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car is loaded one-half or more the second brake cylinder is cut 
into action to assist the first, making the total braking force 40 per 
cent. of the weight of the fully loaded car, instead of the 13 or 15 
per cent. with the single capacity brake. Where the situation 
permits it is most desirable, for the sake of uniformity, to use 
a braking ratio of 40 per cent. for both the empty and loaded car. 
This braking ratio provides ample control on grades; does away 
with the slack action due to differences in braking ratio through the 
train, and minimizes the effect of serial brake action in causing the 
running of slack, as will be shown in the discussion on “ Train 
Length.” 

Increased car weights have called for larger brake cylinders 
and larger reservoirs, the increased volumes of which in turn have 
taxed the ability of the air-handling devices to conform to the 
time limits required for proper train operation. Compare the 
10-inch equipment of the 50,000-pound passenger car of 1880 and 
its auxiliary reservoir volume of 2500 cubic inches with the mod- 
ern Pullman requiring two auxiliary and two supplementary reser- 
voir volumes aggregating 52,000 cubic inches. When it is remem- 
bered that the brake pipe which connects the equipments through- 
out the train has not been increased in size, the need for air brake 
devices of a design which will not overtax the capacity of the 
brake pipe to supply air from the locomotive becomes increasingly 
significant. The empty and load freight brake cuts down the air 
requirements for train control to one-half that now required by the 
equipment in most general use. This is equivalent to a valve 
gear on a locomotive which would do the same work as the exist- 
ing type with a demand on the boiler for only one-half the steam 
now required. 

The eight-wheeled coach of 1880 had as many brake shoes 
through which to dissipate the kinetic energy of the moving trains 
of that time as the eight-wheeled coach of to-day. But the weight 
of the coach has since more than doubled, thereby doubling the 
horse-power or duty of each brake shoe. Speeds have also in- 
creased, which means that brake shoe duty has increased as the 
square of the speed. Contrasting the 50,000-pound coach of 1880, 
running at 35 miles per hour, with the 150,000-pound Pullman of 
to-day, running at 65 miles per hour, the horse-power required to 
effect a stop in 25 seconds is 149, as compared with 1540, or, 
dividing this total by the number of shoes in each case, the duty 


NR Ne RN eo RT NS oe gp 


en ee 


theme ea 


436 WALTER V. TURNER. J. FL 


for each shoe, formerly 18.6 horse-power, has become 128.3 
horse-power, or 6.9 times greater. Is there any wonder in the 
need for an efficient type of clasp brake, which, among a number 
of other important advantages, employs two brake shoes per wheel, 
thereby halving the load per shoe and returning the shoe more 
nearly to the temperature at which it can do its most efficient 
work? Where a set of brake shoes in a certain service lasts but 
10 days with the single-shoe-per-wheel type of brake gear, a full 
set of shoes will last with the clasp brake 28 days, instead of the 
20 days to be expected with a doubled number of shoes. If worn 
to the thinness that halving the brake shoe load permits, the set of 
brake shoes will last 33 days, as compared with 10 for the single 
shoe brake. This points to a great possible saving in brake 
shoe maintenance, as well as the more obvious one of shoe material, 
because a car repairer can replace 10 shoes on a car in practically 
the same time he can replace 5 on the same car, the preparatory 
measures being such a great proportion of the total effort required 
in each case. 

The capacity of a car will, or should, depend on the capacity 
of the draft gear to absorb shocks. Naturally, as the weight of 
vehicle increases the draft gear will be called upon to perform 
greater service when the same velocity differences are set up be- 
tween cars in stopping with brake equipment of outdistanced 
capacity, and in starting with locomotives of greatly increased 
tractive effort. Of course, all the punishment will in mixed trains 
come on the cars and draft gears of relatively small capacity, and 
if, during the transition period, these are to be spared, it will be 
necessary to employ the most modern train control equipment. 


CAR LOADING. 

It is idle to provide marvellously improved carrying capacities 

of the car unit by employing steel construction, etc., and then not 
utilize it. The extent to which this full capacity is realized when 
loading a car is of great significance from the standpoint of oper- 
ating economy. Campaigns are being waged by various railroads 
to awaken the shipper to the necessity for loading cars to their full 
capacity and thereby assist himself as well as all others to reduce 
car shortages. Live stock and bulky freight of small weight 
prevent the utilization of full capacity as do |. c. 1. (less-than-car- 
load) shipments. The latter will be grouped to better advantage 


Oct..1916.] = ViraL RELATION OF TRAIN CONTROL. 437 


as improved systems for so doing are evolved and put into practice. 


Of course, the reduction of the empty haul increases the aver- : 
age load forthecar. With every superintendent of transportation 
this problem of routing cars to cut down the empty haul is a live 
issue. i 

The application of the empty and load freight brake dispenses 


with the hauling of empty cars back and forth over mountain 
grades in order to provide the necessary braking control by keeping 
the average tonnage per brake to the predetermined safe figure; 
and as mountain grades are usually the “ necks of the bottle” 
for the flow of railroad traffic, these “ necks’ are restricted by 
every empty car used for the purpose for which it was never built ; 
namely, that of providing adequate contro] for the lading of other 
cars. 

Inasmuch as only 10 to 15 per cent. of the total life of a freight 
car is spent in actual transit, gleaning the revenue-producing ton- 
miles, improvement in terminal facilities are highly desirable to 
provide means for more promptly loading and unloading cars and 
for making inspection and repairs—light or heavy as facilities 
permit—simultaneous with the handling of lading. Demurrage 
charges are being more and more scientifically established to penal- 
ize carelessness and lack of coOperation on the part of shippers 
in needless detention of cars as storehouses. 

The traffic capacity of the car unit is indissolubly involved in 
the ever-present problem of maintenance, and this in turn is 
dependent on the factors of organization and cost. In general it 
is true that if maintenance charges are stinted depreciation charges 
will jump. The ideal is, of course, that point for each where the 
total is a minimum and where if either one or the other is raised 
or lowered the sum will increase in amount. In only too many : 
cases, unfortunately, is it true that a penny-wise and pound-foolish i 
policy prevails in greatly reducing maintenance work and in suf- ‘ 
fering the more than proportionately increased depreciation uncon- 
sciously, because it resembles, and really is, “ indirect taxation.” id 
What is not seen and not known gives small concern. 

Maintenance and service are inseparable, however, even where 
neglected maintenance does not cause an immediate increase in 
depreciation. For example, to disregard a leaky brake cylinder 
packing leather does not mean greater depreciation of the brake 
apparatus ; but, so far as service is concerned, the brake equipment 
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might as well be entirely dispensed with if the elaborate means for 
putting air in the cylinder are unsupported by adequate means for 
keeping it there. 
THE TRAIN UNIT. 
TRAIN LENGTH. 

Needless to say, train length, or the number of cars hauled in 
a train, is a vital factor in the matter of maximum traffic capacity. 

The maximum train length will depend on the locomotive 
capacity, for the available tractive effort should be such as to 
start a train without the necessity for the “ taking of slack ”’ so 
violently as to endanger on each occasion the integrity of the train. 
In passenger service the single-shoe-per-wheel type of foundation 
brake rigging is responsible for highly increased train resistances, 
which mark a needless loss in locomotive capacity and also in fuel 
and water consumption of from 30 to 35 per cent. in many cases. 
This was revealed by the results of the brake tests made on the 
Lake Shore and Michigan Southern at Toledo in 1909. The 
reasons for this will appear in the discussion of “ Foundation 
Brake Rigging.” 

The length of sidings or passing tracks will also govern the 
length of trains on single-track lines, the only exception being 
where trains of maximum length never need to pass one another, 
the only “ meets” of such trains being with trains of inferior 
lengths, where “ sawing by ” is resorted to. The final limiting 
value of the inferior train length must not be more than twice 
the length of the siding. In such a case, however, the “ sawing 
by ” becomes so very much involved that the practical operating 
limit for the inferior train length will be the siding capacity. In 
some respects this factor of siding length should appear under 
the division ‘“ System of Trains,” for a single train alone con- 
sidered involves no element of passing track length. 

For electric railways the length of the station platform fre- 
quently determines the permissible length of trains, for obviously 
passengers cannot enter or alight from cars standing beyond the 
platform. A very important feature of the reconstruction of 
some of the New York subways has been the extension of station 
platforms to permit the running of longer trains. 

Unfortunately for our reputation for statesmanship, legal 
limits have been established in some cases for the number of cars 
to be permitted in a train, but it is to be hoped that the sense of 
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reason and fair play among our people will soon prevail on their 

representatives not to apply artificial restrictions on the arteries 

of commerce and handicap society as a whole to just that extent. 
SLACK ACTION. 

But the element of train control is probably the most significant 
of all factors in this problem of train lengths. Consider first the 
question of serial brake action, or the behavior of brakes on indi- 
vidual cars in sequence and in relation to the train as a whole. 
\Vhen an ordinary pneumatic brake application is started at the 
front end of the train the first car is the first to experience brake 
action, and each car follows from the head end to the rear, accord- 
ing to its position in the train, the brake on the last car being the 
last to apply. The time between the application of the brake on 
the first and that on the last car is called the “ time of serial action.” 
For any given type of air brake equipment this time varies with 
the length of train. Therefore, when a brake application is 
started the first car will have had its speed reduced, before the 
brake applies on the last car and before the slack in the train runs 
in, by an amount proportional to the severity of the brake appli- 
cation, to the total amount of slack in the train, and to the time of 
serial action. 

The severity of the brake application, or, in other words, the 
rate of retardation set up, depends upon the brake cylinder pres- 
sure realized; the basic cylinder pressure for the nominal braking 
ratio; the nominal braking ratio; and the efficiency factor. This 
may be briefly summed up in mathematical form— 


R =~? P ef 


Where: 

R = the retardation factor, in per cent. ; 

P =the nominal braking ratio, per cent., based on 

C =the basic cylinder pressure for P, pounds per square 
inch ; 

p=the effective cylinder pressure, pounds per square 
inch ; 

ef =the efficiency factor. 

By the retardation factor (R) is meant the relation of the 
actual retarding force to the total weight of the vehicle. It is a 
measure of the rate of retardation. <A retarding factor of 100 per 
cent. obtains when the retarding force equals the weight of the 
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vehicle, or, in other words, when the retardation is equal to that 
due to gravity—32.2 feet per second per second, or 22 miles per 
hour per second. 

As before noted, the nominal braking ratio (P) is the ratio be- 
tween the total nominal brake shoe pressures on the wheels of the 
car and the weight of the car. It is a “ nominal ” braking ratio, 
because it makes no allowance for losses in the transmission of the 
brake cylinder force, by the multiplying, or leverage system, of the 
foundation brake gear, to the normal or perpendicular brake shoe 
pressure on each wheel. 

The basic cylinder pressure (C) assumed to be in the cylinder 
when the braking ratio is established, is taken as the nominal 
pressure’arising from a full service, or an emergency, brake appli- 
cation, according as the service braking ratio or the emergency 
braking ratio is in question. For the service braking ratio this 
pressure is 50 pounds with freight brake installations and gener- 
ally 60 pounds for passenger equipments. 

The actual pressure (/) realized in the cylinder depends on the 
brake pipe reduction made, the piston travel, and cylinder packing 
leakage. For the purposes of computation and comparison, it is 
necessary to deduct 5 pounds from this pressure, especially when 
it is relatively low, to give the effective pressure, because it will 
take about 5 pounds to compress all release springs and place the 
brake shoes against the wheels ready to “ start business.” For the 
higher cylinder pressures—35 pounds and more—this deduction 
may be neglected and the e x f, or efficiency, factor be made to 
compensate for release springs, etc. ; that is, for the lower pressures 
the efficiency factor, flexible like the cloak of charity as it is, can- 
not be made to cover the proportionately great sin of this initial 
loss. In other words, the efficiency factor cannot conveniently 
be made a function of cylinder pressure in addition to one of 
speed and type of foundation brake rigging. 

The efficiency factor (e x f) is the combined product of the 
brake rigging efficiency (e) for transmitting and multiplying the 
cylinder force into normal brake shoe pressure, and the coefficient 
of brake shoe friction (f), which is the measure of the tangential 
force acting on each wheel in relation to the normal brake shoe 
pressure. It is not possible, nor is it necessary, to separate these 
two factors for the purposes of computation. The combined 
product is the connecting link between the actual average re- 
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tarding force which must have been acting to effect a given stop 
distance obtained in actual service and the nominal brake shoe 
pressure determined by multiplying the brake cylinder pressure by 
the piston area and the leverage ratio of the brake rigging. 

Now look again at the expression for the measure of, or the 
rate of, retardation: 


ee 
R= C P ef 


lf p, P, or ef be singly or severally raised or lowered in value, 
R will be correspondingly raised or lowered. If C be raised, R 
will be lowered, and vice versa. Thus it will be seen that if the 
actual cylinder pressure (p) be high, due to a heavy brake pipe 
reduction having been made, or to short piston travel, the retarda- 
tion will be correspondingly high; and if this pressure be low, due 
to a light brake pipe reduction, long piston travel, reduced auxil- 
iary reservoir volume, or leakage, the retardation rate will also 
be low. 

If the braking ratio (P) be high, as, for example, 8o per cent. 
on a freight train, the retardation set up on the head end of the 
train in a certain time will be twice that with the braking ratio 
equal to only 40 per cent., other things being the same. 

And, finally, if the efficiency factor (ef) be low, as it is at 
high speeds, due to the variation in coefficient of shoe friction, the 
retardation will be low as well, and vice versa, for low speeds. 
Thus if the efficiency factor be 8 per cent. for a speed of 50 miles 
per hour, the retardation set up at the head end of a train will be 
approximately half that where the efficiency factor equals 15 per 
cent. for a speed of 12 miles per hour. 

If the amount of slack movement between the cars in a train is 
increased, more time is given for the cars first experiencing brake 
action, or experiencing the more severe brake action, to retard 
before the other cars close in or pull away, as the case may be. 
Therefore, the velocity difference between cars will depend on the 
amount of slack in the train, being greater as the slack is greater, 
though not in direct proportion. It is easy to see that if there 
were no slack or possible relative movement between the cars in 
the train there could be no difference in velocity set up between 
them. Carrying this to the other extreme, it can be imagined that 
the slack could be so excessive that the last car in the train might 
be entirely stopped before the slack had closed in. Thus there 
Vor. 182, No. 1o9o—32 
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will be no shock where the slack is zero, and there will be no 
shock where the slack is sufficient in amount to permit all the cars 
to come to a stop before this slack runs in. ‘This upper limiting 
value of slack necessary to avoid shock will vary with the braking 
characteristics (rate of retardation and time of serial action) 
and with the initial speed of the train. Somewhere between 
these limiting values of slack there will be a point at which the 
maximum shock can occur, all other factors but the one of slack 
remaining constant. This critical value of slack for maximum 
shock (the maximum, of course, being different for each condi- 
tion) tends to become greater as the speed is higher, as the time 
of serial action is longer, and as the rate of retardation is less. 
It is obvious that as the length of train is increased, so also is the 
total amount of slack. 

The foregoing means that in making a brake application there 
is a critical speed for maximum shock, due in a measure to reso- 
nance in slack surging and to the grouping of various vehicles in 
the train. Variations from this critical speed at the time of apply- 
ing the brakes, together with favorable positions and amounts of 
slack, account for the fact that severe shocks do not occur with 
every brake application in service where they do appear more or 
less frequently. 

However, the amount of slack is of no moment if the time of 
serial action be zero, as with the electro-pneumatic brake. Here 
the last brake starts to apply as soon as the first, for all the brakes 
goonasone. As the time of serial action is increased the dangers 
due to slack action also increase. Increased time of serial action 
means increased opportunity for greater retardation on the head 
end of a train before the slack closes in. It is clearly seen that the 
time of serial brake action is directly proportional to the length 
of train. 

Refer to Figs. 3, 4, 5, 6, and 7 for graphical illustration of all 
these points. On Fig. 3, curve 4 is that of brake cylinder pres- 
sure on the first car. It shows that the pressure begins to rise 
at about 3.2 seconds after the brake valve handle is moved to appli- 
cation position, and 0.3 second later it passes the 5-pound point, at 
which it is assumed that the brake shoes have been brought just 
against the wheels. Retardation on the first car then commences, 
and as time continues the speed of the car is more and more 
reduced, as shown by curve C. Retardation increases in rate as 
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cylinder pressure builds up until the maximum is reached at a little 
after 6 seconds’ time. The slope of curve C represents the rate 
of retardation—as the slope is steeper the retardation, or change 
in velocity for a certain time, is greater. Curves B and D are 
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similar curves for the last car, the serial time being shown as 2.8 
seconds; that is, the brake on the last car got into operation 2.8 
seconds later than did the first. Curve E is one representing the 
relative, or slack, movement between the first and last car, due to 
the differences in retardation. This movement is equal to the 
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average velocity difference between the two cars multiplied by the 
time during which the average difference occurs. 

Curves C, D, and E neglect the cars intervening between the 
first and last, and assume a condition equivalent to the removal 
of the intervening cars, a separation of the first and last car equal 
to the total slack in the train, and a retention of the time of serial 
brake action, as with all the cars in place. This assumption is not 
true to actual conditions, for the reason that as each of the inter- 
vening cars closes in on the one ahead it boosts along the bunch 
ahead at a speed somewhat higher than shown by curve C—pos- 
sibly something like dotted curve F. However, as each successive 
car closes in on the bunch ahead the impact accelerates the increas- 
ing mass ahead less, and more of the sudden changing in velocity 
must be done by the colliding car, so that the retardation of the first 
car does not differ materially from that shown by curve C. More- 
over, as each successive car collides with the bunch ahead the veloc- 
ity difference increases until it is a maximum when the last car 
closes in. This means that as the shock runs back the bunch of 
cars ahead becomes increasingly solid, so far as the draft gears are 
concerned, until the last car has a veritable stone wall with which 
to collide. And, finally, as it is not known just what a certain 
velocity difference means in the force of an actual blow between 
two cars or one car and a group of cars, an allowance for dis- 
crepancies may be made in the velocity difference which it is 
assumed the draft gear can care for without appreciable shock. 

If there be 10 feet of slack in the train, as shown in Fig. 3, 
this slack will be all in, 8 seconds after the brake valve movement, 
and the velocity difference between the head end (which includes 
the last car but one) and the last car is 3.6 miles per hour. After 
the impact the train as a whole moves on with a velocity a trifle 
higher than that represented by curve C at the instant of impact, 
as explained in connection with curve F. Curves C and D are 
shown heavy to the instant of impact of the last car, for 1o feet of 
slack. They are continued with lighter lines in order that the 
influences of other conditions of slack may be compared. For any 
actual case, the impact causes curve D to drop down and be merged 
with curve C, which is slightly raised. Dispensing with this geo- 
metrical parlance, this can be stated otherwise by saying that the 
front portion of the train and the rear car move on with the same 
velocity after impact, retarding together. 


Oct.,1916.)} ViraAL RELATION oF TRAIN CONTROL. 445 


If the amount of slack in the train be cut down to three feet 
and the time of serial brake action remain unchanged, the velocity 
difference is seen to be but two miles per hour. With 21 feet 
of slack the velocity difference is 3.8 miles per hour, an amount not 
materially different from that for 10 feet of slack. Thus it is seen 
that the less the slack in the train the less the velocity difference 
between the head end and rear, and, therefore, the less the shock. 
However, after a certain point, about nine seconds here, when 
curves C and D become parallel, due to the cylinder pressures being 
the same on head end and rear, the velocity difference is the same, 
irrespective of the amount of slack. The retardation for curves 
C and D is 5.6 per cent. It must be remembered that where the 
speed is such as to permit the head end to stop before the rear 
end runs in, an increase in the amount of slack tends to decrease 
the severity of the shock—other things remaining equal—in that 
more time is afforded the rear end for retardation. This was 
pointed out in a foregoing discussion. 

Remember, in this connection, that where variable conditions 
of braking ratio, piston travel, or cylinder leakage are scattered 
indiscriminately through a train, causing local differences in retar- 
dation to be set up, there can be, in general, no violent slack action, 
for the reason that the amount of slack intervening between two 
extreme conditions is probably limited to that of a few cars. It 
takes cumulative slack action to cause shocks. For that reason 
a freight train equipped with the single capacity brake and made 
up of empties and loads in alternate order would handle very 
smoothly, whereas, with the usual train make-up of all loads at 
one end and all the empties at the other end of the train, shocks 
of great severity must be expected. Obviously, it is impracticable 
to switch empties and loads into alternate order in making up 
trains. 

Compare the results of Fig. 3 with those of Fig. 4. Here a 
retardation of but 2.7 per cent. is effective, due in this case to a 
lower brake cylinder pressure, and the velocity difference between 
head end and rear, for the same serial time of 2.8 seconds and the 
same total amount of slack of 10 feet, is proportionately reduced 
to 1.6 miles per hour ; that is, the less the retardation used until the 
slack closes in, the less severe will be the shock, the amount of 
slack and serial time remaining the same. As before noted, this 
lessened retardation rate may be due to reduced cylinder pressures, 
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reduced braking ratio, or reduced coefficient of brake shoe friction 
due to higher train speeds ; and the reduced cylinder pressure may 
be due to a lengthened piston travel or to a light brake pipe 
reduction. 

This explains why it is so necessary to make light brake pipe 

FIG. 4. 
ILLUSTRATING FUNNING OF SLACK IN TRAINS 
Due To SERiAL ORAKE ACTION. 
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Compare with Fig. 3. With a certain time of serial action, the lower the rate of retardation 
set up the less will be the velocity difference between head end and rear when the slack closes in. 
This shows why brake applications on long trains must be started with a light brake pipe 
reduction. 
reductions in applying the brakes on long trains at low speeds and 
why it is so necessary to have piston travel not too short, but of the 
proper length. This in turn explains the necessity of having 
foundation brake rigging which will not permit a material increase 
in piston travel as the cylinder pressure is increased, because the 
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slack adjuster, in making the travel proper at 8 inches for full 
cylinder pressure, throws back the piston position for the lighter 
pressures ; that is, the cylinder pressures for light brake pipe reduc- 
tions are far in excess of what they should be, due to the shortened 
piston travel. This variation or increase in piston travel between 
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Compare with Fig.4. Increased time of serial action due to type of air-brake equipment or 
to number of cars in the train means increased velocity difference between the head and rear 
ends of the train and shocks of corresponding intensity. 
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that for the five or ten pounds pressure necessary to bring the shoes 
just against the wheels, and the full service pressure of 50 or 60 
pounds, is known as “ false” piston travel. In the discussion on 
“ Foundation Brake Rigging” this will be described to better 
advantage. 

Fig. 5, when compared with Fig. 4, illustrates the effect of the 
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time of serial brake action on shocks ina train. This time is here 
4.4 seconds, as compared with 2.8 seconds on Fig. 4. The retar- 
dation is the same in each case (2.7 per cent. ), and also the slack 
(10 feet), but the velocity difference is 2.6 miles per hour instead of 
1.6; that is, the severity of the running of slack is directly propor- 
tional to the time of serial brake action. It is easily seen that in 
bringing the curves C and D of Fig. 4 closer together, as compared 
with Fig. 5, by reducing the time element, the velocity difference 
and, therefore, the shock intensity, is reduced. 

Remembering that as cars are added to a train the time of serial 
action is correspondingly lengthened, it is readily appreciated that 
brake apparatus entirely suitable for trains of short length (the 
standard’ of yesterday) cannot serve the more severe operating 
conditions and demands of the lengthened train of to-day. Thus 
the reduction in serial time for 12 cars from the 4.4 seconds in 
Fig. 5 to the 2.8 seconds of Fig. 4 (resulting in a reduction of 
velocity difference from 2.6 to 1.6 miles per hour) is due to the 
introduction in the triple valve of the quick-service feature 
whereby the brake pipe reduction is started at the brake valve and 
continued locally at each triple valve in a serial manner through 
the train, each triple valve venting a bit of brake pipe pressure to 
the brake cylinder and thereby starting the next triple valve into 
action more promptly. Without the quick-service feature it is 
necessary to make the entire brake pipe reduction at the brake 
valve. 

In this problem of serial time the advantage of a suitably 
designed foundation brake rigging which will insure a constant 
piston travel for all cylinder pressures now appears. With such 
a rigging a brake pipe reduction may be made in sufficient amount 
(seven pounds should be the minimum) to guarantee the release 
of all triple valves, without creating a brake cylinder pressure of 
more than 10or 12 pounds. This results in very slight retardation, 
and the slack closes in with small velocity differences and, there- 
fore, negligible shocks. The slack may not be all in by the time 
the second brake pipe reduction is started, but the triple valves are 
now in service lap position and the drop in brake pipe pressure 
required to move the triple pistons alone, instead of the pistons 
and slide valves together as when the first reduction was made, 
is comparatively slight. That means that the time of serial action 
is greatly reduced; and likewise the velocity differences by the 
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time that the small amount of slack remaining closes in. The final 
result is an absence of any noticeable shocks. 

Fig. 6 represents a combination of mixed conditions in the 
train. A comparatively small retardation is set up on the head end 
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Lack of uniformity in retardation due to differences in cylinder pressure or in braking ratio 
may cause a surging of slack, first in one direction and then in the other. This shows why the 
Empty and Load Brake makes more certain the smooth handling of long trains. Uniform piston 
travel and tight cylinder leathers contribute to the elimination of surges or slack action. 
(2.7 per cent. here), due in this case to proper piston travel and a 
correspondingly light cylinder pressure. Due to “ false ” piston 
travel, and consequent high cylinder pressure, the retardation on 


the rear end is great (a final value of 5.6 per cent.). This same 
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condition can, and does, occur when the cylinder pressures are 
uniform but the braking ratio on the head end is low and that on 
the rear end is high, as in the case of load carrying mail, baggage, 
express, or refrigerator cars, and double-heading locomotives on 
the head end of passenger trains, or as in the case of a freight 
train with loads ahead, empties behind, and lacking an empty and 
load brake equipment. 

As here shown, when the 10 feet of slack has run in, the 
velocity difference between head end and rear is 2.6 miles per hour. 
The impact decreases the speed of the last car almost instantly to 
some point m, and raises the speed of the front portion of the 
train to this same point. From here the differences in retardation 
cause the first and last cars to slow down, as portrayed by curves 
G and H, respectively. The 10 feet of slack then runs the other 
way, due to the fact that the brakes are acting so much more 
effectively on the rear end, and a jerk is experienced with a velocity 
difference of 2.8 miles per hour. With this condition a shock 
is had “ going and coming.” 

If the amount of slack is great enough, or the time of serial 
action small enough, to permit curves C and D to cross (which 
means that the two ends of the train are running at the same speed 
at that instant) as at some point without the slack closing in, no 
buffing impact will be had and the slack will start to run the other 
way, as shown at s, because the rear end is running at speeds ever 
lower than the head end as time goes on. The jerk will be corre- 
spondingly worse, however, if the slack be increased, unless the 
train be stopped before the slack runs completely out. 

Now multiply the situation pictured in Fig. 6 by a number of 
times corresponding to the relation it bears in length of train 
(slack and time of serial action) to the modern freight train 
and wonder why it is that delays in transit, repairs to rolling 
stock, and loss and damage claims total the enormous figure they 
do on American railroads to-day. Is it any wonder that the empty 
and load brake was developed to overcome that exceedingly bad 
condition of having loaded cars on the head end braking at 15 per 
cent. and the empties at the rear with a braking ratio of 60 per 
cent.? If the positions of the empties and the loads be reversed 
there would be no jerk, but there would need to be none, for the 
run-in or buff would buckle the train practically every time the 
brakes were applied, due to both the mass and the low braking 
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ratio of the loads on the rear end. ‘The role and purpose of the 
empty and load brake in making uniform the braking ratio, and 
likewise the retardation on the empty and loaded cars, can, there- 
fore, be well appreciated by the resulting decrease in rough hand- 
ling of trains and damage to lading and equipment. 

You will appreciate, I am sure, that my endeavor is to point 
out what are the causes of unsatisfactory results in train control: 
results such as improper or neglected adjustments, deficient main- 
tenance, manner in which trains are made up, in some cases inade- 
quate train control, and improper manipulation on the part of the 
operator. What I desire to impress upon you most forcefully is 
that these undesired results are not inherent in the operation of 
trains, as unfortunately seems to be the impression of some peo- 
ple—for adequate train control apparatus is obtainable, and real- 
ization of its full value requires only a comprehension and appli- 
cation of the principles underlying its service. 

Fig. 7 illustrates the significance of the electro-pneumatic brake 
in the question of train lengths. With electro-pneumatic control 
there is no time of serial action for any length of train. The 
brakes on all cars go on as one, and the curves A and B, C and D 
of Figs. 3, 4, 5 and 6 are merged into one. Irrespective of the 
condition of slack or rate of retardation, there can be no slack 
action, for all cars retard alike. This means that a brake of any 
effectiveness can be used without any loss of time in applying it 
and without fear of the running of slack in the train and resultant 
rough handling. This presupposes, of course, that the braking 
ratio and piston travel are uniform throughout the train, a con- 
dition which it is reasonable to require. 

Fig. 3 shows a delay of 3.5 seconds from the movement of the 
brake valve handle until the brake on the first car becomes effective, 
and a further delay of 2.8 seconds until the last brake accomplishes 
anything. These delays are due to the time required for air to 
flow from the brake pipe, for triple valve parts to move, and for air 
to flow from the auxiliary reservoir to the brake cylinder. Fig. 7 
shows for the old electro-pneumatic equipment (AMUE) a delay 
of only 2.3 seconds from the operation of the brake valve to the 
application of all the brakes on the train. This application is 
effected by simultaneously reducing with an electromagnet the 
brake pipe pressure locally on every car. The delay, or dead time, 
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is due to the movement of the triple valve parts in sequence, and the 


flow of air from the auxiliary to the cylinders. The newly evolved 
electro-pneumatic brake, however, cuts down this dead time 
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CHARACTERISTICS OF THE OLD AND NEW ELECTRIO-FNEUMATIC 5RAKE- 
COMPARISON OF THE FNEUMATIC WITH THE ELECTRO-FNEUMATIC DRAKE. 


BC Fress- Lbs. 


the electro-pneumatic brake permits 
both a rapid rafe of developin 
retardation and @ high final valve of 
retardation (limited only by the 
adhesion between wheel and rail ) 
without causing shocks in frains 
of gay length. 

Ihe new electro-pneumatic brake 
saves abouf two seconds, compared 


with the old, in geting the brakes 


& = into action. 


~~ Gann in retardation of the New 
over the Old AMUE equipment. 


Speed ffeduction - MPH, 
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L-—— lelocity difference between the 


first and last car where the same 


|. retardation (10.1%) 13 used with the 


LN (pneumatic) equipment. 
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Cutting down the time of serial action to zero by employing the electro-pneumatic brake 


entirely removes slack action for any rate of retardation and for amy amount of slack. It is nec- 
essary, however, to have the braking ratio and piston travel uniform throughout the train. 


The best brake—the entire train considered—is the one which, in affording the best rate of 


cylinder. 


retardation, creates the least velocity differences between the various vehicles in a train. 


to half a second by eliminating the necessity for the movement 
of the pneumatic parts of the triple valve and by cutting down the 
time for the flow of air from the auxiliary reservoir to the brake 
The advantage of this saving may be grasped by noting 
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that at the end of six seconds from the movement of the brake 
valve the train equipped with the new brake is running a little 
more than eight miles per hour slower than the initial speed ,and 
four miles per hour slower than the train with the old electro- 
pneumatic brake; also, this is seven miles per hour slower than 
the first car of the train equipped with the straight pneumatic 
brake (see Fig. 4) where the maximum retardation is used con- 
sistent with tolerable shock conditions. Bear in mind that with 
the electro-pneumatic brake it is not a question of tolerable shock, 
but one of no shock whatever. 

Just to convey some idea of what it would mean to use with 
straight pneumatic equipment a rate of retardation equal to that 
(10.1 per cent.) shown for the electro-pneumatic brake on Fig. 7, 
dotted curves have been added to represent the performance of an 
LN pneumatic equipment on the last car of the train of Fig. 3. 
The retardation curve for this is separated from the one used to 
represent the first car (new AMUE) by a time of 2.8 seconds, 
the serial time shown in Fig. 3. The velocity difference between 
head end and rear is seen to be six miles per hour. Does not this 
make clear the relation between train control devices and the ability 
to run longer trains more smoothly and with less loss of time? 

From the foregoing it will be clear that, notwithstanding the 
greatly increased train weights and lengths of recent years, brake 
development has kept at least an equal pace with the requirements 
of adequate train control. The capacity of modern brake appa- 
ratus is far from exhaustion, the only consideration being that 
proper engineering be employed in the choice of brake equipments 
for the conditions to be met and due care be exercised in its 
installation, with particular reference to the maintenance of proper 
volume proportions. As to volume relationships, however, more 
will be said under the division “Foundation Brake Gear.” 


IMPACT. 


So far impacts have been spoken of in terms of velocity differ- 
ence only. Fig. 8 has been prepared to show what the actual force 
of impact may be. This curve shows that for each net velocity dif- 
ference of one mile per hour the maximum blow due to impact is 
equal to the weight of one of the colliding vehicles. If the net 
velocity difference be twice this, or two miles per hour, the blow 
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will have twice the intensity; if three miles per hour, three times 
the blow, etc. By “net” velocity difference is meant the actual 
velocity difference less one mile per hour, which is a rough-and- 
ready allowance to give for the capacity of a draft gear. This, of 
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Maxinum Force of Impact Between Two CARS. 
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Maximum Force of Impact - 100,000 Los. to the larger in weight (W). 
Multiply tus force by the 
correction factor from curve. 


With Inelastic Impact as Basis ( Coefficient of restitution = a ): 


{1+ fT" 
where “> 
“fw = Mass (7) and velocity (ff. per sec.) of one car: 
Mu = S (#) ” “ ” ~ ” ” second * ; 


Fn = Maximum impact force. 
A 


= Average impact force during period of impacr. 
=.76 fn 
tC «= period of impact = .03 seconds. 
(v-u') represents a ‘net” velocity difference (actual 
minus one) of one mile per hour. 
The maximum force of impact is proportional fo the net velocity 
difference. If the latter is 2 MPH. instead of | men. the impact forces 
will be dwble those gwen above, etc, 


For every mile per hour ‘‘net" velocity difference (actual difference less one) the force of the 
impact due to one car colliding with another is approximately equal to the car weight. 
course, will vary with the weight of vehicle and the characteristics 
of the draft gear. A net time of 0.03 second has been assumed as 
the total period of impact. By “net” time is meant the time of 
impact, neglecting the part played by the draft gear, which has 
been sufficiently allowed for in determining the net velocity differ- 
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ence. In other words, the “ net ” time for impact is started from 
some point in the last stages of draft gear action. In establishing 
this impact curve it is assumed that the average force of impact 
(Fa) for the net impact period is equal to 76 per cent. of the 
maximum force (fm). This factor conforms to the results of the 
very elaborate and scientific tests conducted by Lieut.-Col. B. W. 
Dunn on “A Photographic Impact Testing Machine for Measur- 
ing the Varying Intensity of an Impulsive Force,” and reported 
by him in this JouRNAL for November, 1897. According to him, 
the limiting values of this factor are 0.637 and unity. 

The correction curve on Fig. 8 provides for determining the 
impact when the two colliding vehicles are of unequal mass. To 
use it, assume that both cars agree in weight with the heavier and 
find this maximum blow in the regular way. Then, by noting the 
weight of the lighter ‘n percentage of the heavier, find from the 
correction curve the impact in percentage of the maximum blow 
first found. For instance, suppose the net velocity difference be- 
tween an 80,000-pound car and one weighing 100,000 pounds to be 
one mile per hour. The blow for two 100,000-pound cars would 
be 100,000 pounds. ‘The lighter car is 80 per cent. of the other 
in weight; therefore, the blow between the two as shown by the 
correction curve is about 88 per cent. of that for two cars weighing 
as much as the heavier, or 88,000 pounds. [If a car collides with 
a “ solid” string of ten or more cars equal to the first in weight, 
the force of impact is double that obtaining when one of these 
cars collides with another only, with the same velocity difference. 
By “ solid ” is meant the removal of all slack between the cars due 
to the couplers being solid, so that the bunch acts as one continuous 
vehicle. In case two “ solid ” groups of cars collide a proportion- 
ately modified allowance must be made for the draft gear capacity. 

The values given in Fig. 8 agree quite closely with the results 
of careful impact tests made with freight cars by Prof. L. E. 
Endsley and reported by him in the Master Car Builders’ Pro- 
ceedings for 1915. Fig. 9 is a copy of the plotted results of his 
tests. As a significant check on the arbitrary deduction made 
for determining the net velocity difference for Fig. 8, note that 
the curves in the upper chart of Fig. 9, if continued, would pass 
through the base line at approximately one mile per hour. Read- 
ing from the lower chart, it is seen that for a total velocity differ- 
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ence of three miles per hour (net difference of two according to the 
above basis) a 200,000-pound car gives 375,000 pounds—almost 
400,000—as the force of impact. According to Fig. 8, the impact 
would be 400,000 pounds. 

SLID FLAT WHEELS. 

The relation between impacts, due to slack action in trains, and 
slid flat wheels is not as apparent as it should be if due appreciation 
is to be given to the causes for the acute and chronic suffering of 
our railroads from this form of damage to equipment. Wheels 
slide because the fulcrum (or pivot about which the wheel moves 
with relation to the rail) at the point of rail contact fails; that is, 
the demand on the rail in the way of thrust exceeds the adhesion 
or static friction between the wheel and the rail. A buff or jerk 
in the direction of motion of the train increases the car velocity 
and the rotative speed of the wheels. A certain thrust on the 
wheels is required of the rail to increase their angular velocity. 
If the brakes are applied this rail thrust due to impact is augmented 
by the thrust set up by brake shoe friction. The sum of the two 
thrusts must not exceed the adhesion if the wheels are not to 
slide. If this total does exceed the adhesion, the car is said to be 
“knocked off its feet.” An impact opposite to the direction of 
train motion neutralizes the rail thrust due to braking, but may 
carry the thrust beyond in the other direction up to the limiting 
value of adhesion, with like result, only the impact required to do 
this must be correspondingly greater than the first. In other 
words, the total rail thrust is equal to the algebraic sum of the 
thrust set up by the impact and that caused by braking. 

The impact “ knocking the car off its feet ” lasts a very short 
time only, and the rail thrust brought into play by this impact lasts 
only as long. But brake shoe friction in this very short interval 
of time has jumped up in value, becoming static in nature where 
it was kinetic before, and the wheel-rail friction has dropped in 
value, becoming kinetic where it was static or rolling before, and 
the wheels may continue to slide. The continued sliding of the 
wheels depends upon these changes in value of shoe-wheel and 
wheel-rail friction being sufficient to make the former greater than 
the latter. This will, in turn, depend, of course, on the relation 
of the shoe pressure to the weight on the wheel and the condition 
of the surfaces of the shoe and rail. Where sliding does persist— 
Vor. 182, No. 1090—33 
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and it is only too often—it may be said that the impact has 
“knocked the car off its feet’? and brake shoe friction holds it 
off its feet.” 

As a numerical illustration: A freight car weighing 50,000 
pounds has an adhesion of 3125 pounds per pair of wheels if the 
adhesion factor is 25 per cent. A cylinder pressure of 29 pounds 
gives 690 pounds brake shoe friction per pair of wheels for a 
braking ratio of 60 per cent., based on 50 pounds cylinder pressure 
and an efficiency factor of 15 per cent. An impact of 200,000 
pounds will bring the total rail thrust up to the above adhesion 
limitation. A greater braking force, a greater impact (which is 
not unusual in service), or a reduced adhesion will result in the 
car being “ knocked off its feet” by the impact. If the brake 
shoe friction at this instant exceeds the wheel-rail friction, the 
car will be kept “ off its feet.” This will be true if the rail friction 
drops to 1250 pounds (10 per cent.) and the shoe friction doubles 
to 1380 pounds (efficiency factor rising to 30 per cent.), due to 
the respective changes from static to kinetic friction, and vice 
versa. Under the same conditions an impact in the opposite direc- 
tion must exceed 300,000 pounds to knock the car off its feet. This 
impact computation is based upon two 700-pound wheels on a 
500-pound axle, having a combined moment of inertia of 143. 

From the foregoing it can be seen that shocks in long trains 
must be subdued or eliminated if slid flat wheels and the host of 
other troubles are not to be had. 


FOUNDATION BRAKE RIGGING. 


No discussion on the matter of train control can in any sense 
be complete without some reference being made to that part of 
a brake installation known as the foundation brake rigging. A 
volume might be written on the subject, but brief mention only will 
be made here. 

As a chain is no stronger than its weakest link, and measures 
to increase the efficiency of that chain should patently start with 
that weakest link, so it is also true that the advantages of im- 
proved types of air-controlling devices can be realized only in 
minor degree unless improvements be made in that link; namely, 
the foundation brake gear, which to-day is the link weakest in effi- 
ciency in the whole air brake system. The term “ link” takes on 
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460 WALTER V. TURNER. (J. FL 
a double meaning when one appreciates the “ connecting ” role 
of the foundation brake rigging, for it is that mechanical system 
of levers, rods, pins, hangers, brake beams, brake shoes, etc., which 
transmits and multiplies the pressure of air in the brake cylinder 
into brake shoe pressure on the wheels of the car. It is the connec- 
tion between brake cylinder and wheels which converts fluid pres- 
sure at the former point into mechanical force at the latter. 

The first and essential requisite of foundation brake rigging 
is that it be designed with due regard to the strength, rigidity, and 
arrangement which will always maintain the proper volume pro- 
portions between the brake cylinder and auxiliary reservoir ; that is 
to say, it must provide a piston travel constant as nearly as pos- 
sible under all variations in cylinder pressure. Also, it should not 
apply to the wheels’ unbalanced lateral pressures so great as to force 
the journal out from under its bearing, causing journal troubles, 
and to cause excessive binding between journal boxes and pedestal 
jaws, thereby permitting a shifting of weight from one pair of 
wheels to another, due to irregularities in the track surface, and 
causing wheel sliding. Suitable truck design cannot be dissoci- 
ated from these requirements for adequate brake rigging. 

The single-shoe-per-wheel type of foundation rigging in such 
prevalent use meets none of these requirements, but is a sinner 
of the first order in its disregard for them. Figs. ro and 11 illus- 
trate the lack of proper volume proportion maintained by this 
single-shoe type of rigging. In Fig. 10 the positions of rods, levers, 
truck frame, and shoes, shown in full lines, are those for the cyl- 
inder pressure (about 5 pounds) necessary to just bring the brake 
shoes against the wheels. The dotted lines show corresponding 
positions when the cylinder pressure has been built up to some 
value appreciably higher, such as that for a full service appli- 
cation. The difference in piston travel which this variation in 
cylinder pressure makes is represented by the distance RS on the 
center line of the cylinder. This is false piston travel. The 
pulling down of the truck frame and other parts from the full 
line to the dotted line positions is caused by the brake shoes being 
hung at a point on the wheel considerably below the horizontal 
center line and being hung from the truck frame, which is sepa- 
rated from the journal boxes and the wheels by the usual truck 
springs. The braking force being applied along the pull rod OH 
(note the No. 3 pair of wheels for lettering) gives a tangential 
component OA at the brake shoe, which, permitted by the just- 
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mentioned spring suspension, pulls the shoe down into the dotted 
position, and this cumulative effect on each wheel results in the 
false piston travel RS. The operation of the automatic slack 
adjuster returns point S and, of course, point R towards point 
T until distance 7S equals the setting of the slack adjuster. 
This reduces distance RT and, therefore, the brake shoe clear- 
ance for release position until in many cases RT actually 
becomes zero. Point 7 represents the release position of the 
piston and point R that piston position where the shoes first come 
against the wheels. That is, there is very much reduced shoe clear- 
ance or none whatever with the single-shoe type of brake rigging. 
And dragging shoes mean highly increased train resistances, with 
the corresponding reduction in motive power capacity, increase in 
fuel and water (or electric power) consumption, and shocks due 
to the necessity for “taking the slack” in order to get a train 
under way. 

The point very difficult for many to grasp, when this action 
of the automatic slack adjuster is explained, and they immediately 
suggest dispensing with the adjuster altogether, is that without 
the adjuster point S might go out so far that the brake piston 
would strike the non-pressure cylinder head. And this it would 
do unless careful and repeated manual adjustments were made— 
adjustments almost impossible to accomplish in the comparatively 
minor degree required under present conditions. Moreover, such 
adjustments would merely duplicate in a laborious way the work 
of the present slack adjuster, and this remedy would provide no 
betterment whatever. The only “fault ’’ the automatic slack 
adjuster has is that of revealing the evil of false piston travel and 
the necessity for striking at the fundamental cause in order to 
effect a cure. Also, in this same connection, it is well to mention 
that the slack adjuster should take up about one thirty-second of 
an inch only for each operation instead of the full distance the 
piston travels beyond the adjuster setting. Otherwise, where the 
full overtravel is taken up with one adjuster operation, an un- 
usually high cylinder pressure, such as obtained in emergency, 
would cause the shoes to grip the wheels. with the air exhausted 
from the cylinder, to such an extent that the car could not be 
moved at all. 

The distance RT represents the piston travel for light brake 
pipe reductions, and, as before pointed out, short piston travel 
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means correspondingly high cylinder pressures and, therefore, 
severe shocks in long trains, due to serial brake action. Fig. 11 
shows what this false piston travel means in the way of giving 
high cylinder pressures for a light brake pipe reduction at just 


Fic. II. 
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Automatic slack ad, a condition of 4° false piston 
360 holds piston anal travel more nearly as if cccurs 
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Various Brace Fire. Reoucrions. 
‘*False’’ piston travel makes it impossible to obtain light cylinder pressures with the mini- 
mum brake pipe reduction required to properly operate the triple valves. This is true if the pis- 
ton travel be correct for full pressures. eavy cylinder pressures can always be obtained by 


increasing the brake pipe reduction. But to have flexibility requires that it be possible to apply 
the brake lightly when so desired. 


the time when they are not wanted. When high pressures are 
desired heavier brake pipe reductions can readily be made, but tf 
flexibility is to be had it ts indispensable that the brake installation 
permit obtaining light cylinder pressures as well as heavy ones. 


(To be continued) 
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THE EFFECTS OF EXPOSURE ON TAR PRODUCTS.* 


BY 
CHARLES S. REEVE, Chemist, 
AND 


BENJAMIN A. ANDERTON, Assistant Chemist, 


Office of Public Roads and Rural Engineering, 
Washington, D.C. 


It has been shown on several occasions that changes occur in 
bituminous materials on exposure to the action of air and sun. 
Such changes are not due merely to the volatilization of lighter 
oils, as shown in a previous paper ' upon this subject, but also to 
chemical changes in certain constituents of the bitumen, such 
as molecular rearrangements, inter-reactions, and oxidation. 
Changes of such a nature were demonstrated in the case of native 
asphalt and petroleum products by abnormal increases in the 
percentage of bitumen insoluble in paraffin naphtha, and in the 
case of tars by abnormal increases in the percentage of free 
carbon. 

The present study was instituted for the purpose of extend- 
ing the work through a greater range of tar products and to de- 
termine what relation, if any, existed between the changes brought 
about by exposure and those produced by laboratory distillations. 

Seven samples were chosen, including two refined coal-tars, 
one refined water-gas tar, one refined mixed tar, two tar-asphalt 
mixtures, and one crude coke-oven tar. The results of the usual 
examination made according to methods published in Bulletin 
38 ? of the Office of Public Roads, United States Department of 
Agriculture, are given in Table No. 1. In addition, a dimethyl- 
sulphate test as described in United States Department of Agri- 


* Communicated by Logan W. Page, Director, Office of Public Roads and 
Rural Engineering, Washington, D.C. 

* Jour. Ind and Eng. Chem. (1913), vol. 5, No. 1. A paper presented at 
the Eighth International Congress of Applied Chemistry, New York, Septem- 


ber, 1912. 
*“ Methods for the Examination of Bituminous Road Materials.” 
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culture Bulletin No. 314 * was performed on distillates from the 
two tar-asphalt preparations. 

Briefly stated, the method of procedure was as follows: 
Samples of each material were exposed to the action of sun and 
air for three months, which the previous investigation seemed to 
indicate was sufficient to bring about the maximum changes de- 
sired. Examinations were made at the end of each succeeding 
month to determine the change in weight and extent of harden- 
ing. In order to compare the effect of exposure with straight 
distillation, distillations in an Engler flask were made on each 
sample to produce a residue corresponding, in percentage by 
weight of the amount taken, to the residue produced on exposure, 


FiG. 1. 


Box used for exposure tests. 


and the consistency of the residues thus produced was determined. 
Changes in the samples due to volatilization or other causes 
were noted by estimation of the percentage of material insoluble 
in carbon disulphide in the various residuums. 

The exposures were made in a box of the same type used in 
previous work, shown in Fig. 1. It was made of 34-inch wood 
and had interior dimensions of 25 by 14% by 2 inches. This 
was covered with a plate of %-inch plate glass resting on a strip 
of thick felt fastened to the sides of the box so as to make a 
tight joint and exclude all dust. Slots % inch wide were cut 
through each side of the box, and to prevent the entrance of rain 
these were protected by a thin board extending from the rim at 


* Revision of Bulletin 38. 
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an angle of about 45 degrees. Cotton batting was packed under 
this board against the slots to exclude dust from the outside air. 

To approximate the constant circulation of air over bituminous 
materials exposed to actual service conditions, a current of air 
taken from a pressure pump and passed through a water wash- 
bottle to remove dust was introduced through a glass tube which 
passed through one of the slots and terminated at the centre of 
the box. The tube is shown in Plate I, which represents one-half 
of the box. This constant current of dust-free air tended also to 
keep dust from entering the box, and at the end of three months 
the clean, glossy surface of the harder samples demonstrated that 
practically no error had been introduced by contamination with 
dust. 

The samples to be exposed were placed in Syracuse watch- 
glasses having depressions approximately 47 mm. in diameter 
and 8 mm. deep. Four specimens of each of the seven samples 
were prepared by accurately weighing 12 gms. of bitumen into a 
tared watch-glass, thus insuring practically a uniform depth of 
material for each specimen. The twenty-eight specimens were 
then symmetrically arranged in the exposure box in four rows, as 
shown in Plate I, so that the four of each particular sample were 
equidistant from the centre of the box and the inlet of the air 
current. A thermometer was placed in the middle and the box 
set lengthwise on a shelf outside a window having an open 
southern exposure. The box was exposed in the late afternoon 
of April 21. 

The next morning at 9 o'clock it was noted that brilliant white 
flaky crystals of naphthalene had formed on the under side of the 
glass. The temperature recorded in the box at this time was 
35° C., but this gradually increased, and the crystals began to 
melt to a colorless oil. From Plate I, which was photographed 
at this time, it may be seen that the sublimation is greatest over 
the specimen numbered 3, which is sample No. 5123, the crude 
coke-oven tar. 

At the expiration of one month’s time all the specimens were 
removed from the box and weighed to determine their loss in 
weight for each set for this time. Three sets were then replaced 
in the box for continued exposure in the same position they had 
previously occupied, while the fourth was subjected to tests to 
determine its consistency and percentage of free carbon. The 


Oct., 1916.) Errects oF ExposurE ON TAR PropuCcTs, 467 


consistency was determined by float tests at 100° C., a tempera- 
ture which it was felt would be sufficiently high to provide for a 


PLATE I, 


Appearance of exposure box after 24 hours. 


satisfactory test on later samples, and also by penetration tests at 
25° C., 100 gms., 5 seconds, when the material was sufficiently 
solid to permit it. 
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The above procedure was repeated at the expiration of the 
second and third months. At the end of each month an irregular 


PLATE II. 


Right half of exposure box, showing appearance of hardened, gum-like distillate on under 
surface of glass. 


deposit of a red, gum-like substance, previously noted by Hub- 
bard and Reeve,* was found on the under side of the glass cover. 


* Loc. ett. 
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Plate II shows the appearance of this deposit at the end of the 
first month. Each time, before the cover was replaced, the gum, 
which is partially soluble in ethyl alcohol, but almost insoluble 
in carbon disulphide or benzol, was removed. 

During the three months’ exposure a current of air was passed 
through the box during the hours from 9 A.M. to 4:30 P.M.; the 
rate of flow was measured occasionally and averaged about 0.4 
cubic feet per hour, a rate which would displace the atmosphere 
within the box about once per hour. During the first month 
readings were taken of the temperature inside the box at 9 A.M., 
2 P.M., and 4:30 P.M., and it was found that the average tempera- 
tures were as follows: At 9 A.M., 27° C.; at 2 p.M., 57° C.; at 
4:30 P.M., 37° C. On heavily clouded days the temperature 
varied but little during the day, but on days when the sun shone 
very brightly the temperature advanced rapidly from 9 to 2 
o'clock, a maximum rise of 46° C. being recorded, from 25° to 
71°. On such days the temperature at 2 o'clock varied from 
about 68° C. to 79° C. This is, of course, a higher temperature 
than would obtain in service conditions, and for purposes of study 
and comparison this work must be considered as possessing the 
character of an accelerated test. 

Table II presents the values obtained by examination of the 
residues for the three months’ exposure, together with corre- 
sponding values for the original samples for comparative pur- 
poses. In reviewing the table it may be seen that the average 
loss on a set of samples tested at the end of each period of ex- 
posure checks reasonably with the losses on the individual samples 
for the same period, indicating that the values obtained in test- 
ing the residues thus obtained are fairly comparable from month 
tomonth. All the samples began to lose weight on exposure, and 
the loss increased during the entire term of exposure, with the 
exception of the heavy refined coal-tar, No. 5627, where the 
residue from the two and three months’ exposures is practically 
the same percentage of the original, and likewise has the same 
consistency. 

Allowing for some experimental errors, it is evident that the 
organic matter insoluble in carbon disulphide increased gradu- 
ally even in the case of sample No. 5627, which did not lose in 
weight appreciably after the second month. Throughout the pres- 
ent discussion this organic matter has been referred to as free 
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carbon, although it is not unlikely that it may be partially com- 
posed of alteration products of tar distillates similar to the gum- 
like-substance formed on the glass cover of the exposure box. 
An error in some of the determinations of free carbon at the 
end of the first month is particularly noticeable, but unfortunately 
sufficient material was not available for repeating this work. 


TABLE II. 
Tests on Samples Subjected to Exposure. 


Sample number........ 3806 | 4797 | 5123 | 5627 5902 | 6672 x 
Crude | Water- Refined 
Time [Refined Refined pitt ony Refined Tar- | GT enen. 
a a ee ee ae | See Lee oe 
posure tar | —_ tar 
Cees ees 
=< 32°C 50°C Fluid | 50° C 32° C 50°C 
S | Float test......... | 3’5” | 4'29” 216”) 1 30” Fluid | 2’21’ 
- | 50° C 42” 
© | Free carbon.......| 19.36/17.13| 8.77| 29.65; 14.57 2.47; 0.72 
| Per cent. loss, aver- | 
“ age of 4specimens | 10.17 2.27 17.68 7.26 10.76 | 19.32) 3.25 
= | Percent. loss, speci- | 
2 men tested. . | 10.32 2.39 17-92) 7.34 10.76 | 19.71| 3.27 
5 Float test at 100° C.) a6 «(148.0 1903" | Go" | ‘se.8” }sae 1 28" 
= Penetration, 25°C..| 190 47 82 16 116 IIr | 89 
Free carbon. .| 25.21 22.46 14.94 33.18 19.46 8.31 3.06 
Per cent loss, aver- 
n age of 3 specimens | 12.08 3.23 19.81} 7.87) 12.11 | 22.37| 5.87 
3 Per cent. loss, speci- 
re} men tested....... } 12.12 3.23, 19.85! 8.09) 12.07 | 22.15! 6.21 
& | Float test at 100°C.! 33” 44.8” | 37.5”| 78.5") 34” 38” | 43” 
“ | Penetration, 25°C..| 79 a a ie ae 51 4! 37 
| Free carbon.......| 23.56 20.06} 15.15 | 32.51 18.73 9.27 4.69 
Per cent. loss, aver- 
» | ageof2 specimens 13.47 3-87 | 21.32} 8.08; 13.01 | 24.24, 6.97 
S | Percent .loss, speci- 
5 | men tested....... 13.39 3-77) 21.21; 7.85 12.84 | 24.18) 6.67 
E | Float test at 100° Ca ae” | ee | ae re" 48” 59” | 49” 
* | Penetration, 25 *C..1 30 28 | 18 II 47 19 20 
Free carbon.......| 23.64 21.40| 15.90 | 33.60; 20.68 | 10.02 6.9 


That the increase in percentage of free carbon is not due to 
loss by volatilization alone is evident from Table III, in which 
are given actual percentages of free carbon determined and the 
percentages calculated on a basis of the loss of volatile matter at 
each period. In every case the calculated percentage is shown 
to be less than the actual percentage, and it is of interest also to 
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note that the greatest difference occurs in samples wholly or 
partly of water-gas tar. The crude coke-oven tar shows a de- 
cided variation between calculated and actual percentages, while 
it may be noted that, in the case of the two refined coal-tars, the 
variation is comparatively small. From these data it seems logi- 
cal to conclude that changes resulting in the formation of organic 

matter insoluble in carbon disulphide take place in tars exposed ; 
to the action of air and solar heat, but that this formation is less 

in the case of coal-tar than in the case of water-gas tar. 


TABLE III. 


Percentage Free Carbon, Actual and Calculated. 
Origi- | Residue one Residue two Residue three 
‘ : . nal | month months months 
Sample Material PND VA tenes 
number | . . ™ 
: . Calcu- tues | Calcu- Calcu- 
Actual | Actual lated Actual lated | Actual | tated 
3896 Refined coal-tar....... 19.36 | 25.21 21.6 | 23.56 22.0 | 23.64| 22.4 4 
4797 | Refined mixed tar... . .|17.13 | 22.46 17.6 20.06/17.7 | 21.40/ 17.8 
5123 | Crude coke-oven tar...| 8.77| 14.94 10.7. 15.15 | 10.9 | 15.90/ 11.1 
5627 Refined coal-tar.......| 29.65 ' 33.18 32.0 32.51 | 32.3 | 33.60 | 32.2 : 


5992. Tar-asphalt mixture...| 14.57 19.46 16.3 18.73 16.6 | 20.68 | 16.7 : 
6672 | Water-gas tar prepara- i a 
"Geen SS end eee = 2.47 8.31 3.08 27) 3. 10.02 : a 


X 


The second phase of this investigation was the comparison of 
residues obtained from the above exposure tests with those ob- 
tained from distillation of the original samples. To secure com- 
parative data, distillations to 315° C. were made in 250-c.c. Engler 
flasks, according to the published method ® now in use in the Vi 
United States Office of Public Roads and Rural Engineering 4 
The temperatures of fractionation are those calculated to be the 
actual temperatures of the vapors, and are based on thermometer 
calibrations obtained on substances of known _ boiling-point; 
namely, water, naphthalene, and diphenylamine. Table IV gives 
the distillation data so obtained. 

Distillations of the samples were then carried on to secure 
residues of the same percentage of the original material as was 
obtained by exposure for three months. The data secured in this 
work are given in Table V. 


spas = - — 
eee aren’ 4 


°U. S. Department of Agriculture Bulletin No. 314, “ Methods for the 
Examination of Bituminous Road Materials,” p. 21. 
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It is of interest to note that, while all samples were exposed 
to the same conditions of exposure, there is a difference of about 
84° C. between the maximum and minimum temperatures to 


TABLE IV. 


Distillation of Samples to 315° C. 
PERCENTAGES BY WEIGHT OF ORIGINAL SAMPLE. 


Sample number...... 3806 4797 §123 5627 5992 6672 xX 
- Crude T. Water- & 
~ Refined | Refined | cone. | Refined Tar- one tar Re fined 
Material pier Yrs mixed eS ep asphalt ‘ water- 
COai-tar te oven coal-tar aivtnen | prepara- > - 
ar mixture gas tar 
tar tion 
Per cent. water..... Trace | Trace 0.50 Trace 0.0 0.0 0.0 
Percent. to110°C... 0.0 0.0 0.17 0.23 0.28 0.0 0.0 
Percent.110°-170°C. 0.15 0.0 0.00 0.00 0.00 0.26 0.0 
) > =? a a 2 - - 
Percent.170°-270°C., 13.65 0.51 14.42 8.09 | 14.45 11.08 0.67 
Percent.270°-315°C.) 5.74 4.11 2.75 5.23 6.36 | 11.60 3.20 
Per cent. residue 
above 315° C. 80.11 95.30 80.96 85.76 | 77.93 | 76.66 95.95 
Total 99.65 99.92 | 98.80 99.31 99.02 99.60 99.82 


TABLE V. 
Distillation of Samples to Obtain Residues Corresponding to Residues from Three 
Months’ Exposure. 


PERCENTAGES BY WEIGHT OF ORIGINAL SAMPLE. 


Sample number..... 3806 4797 5123 5627 5902 6672 xX 
‘ ‘rude on fater- : 
- 4 | Refined Crude Tar- Ww gees Refined 
: ‘ Refined coke- bog i | ee ‘ 
Materia! pe mixed . Refined | asphalt hy water- 
coai-tar tar oven coal-tar mixture prepara- vas tar 
tar a ao tion pan on 
Water. Trace 0.0 0.6 Trace 0.0 0.0 0.0 
16 fI0° ©. 0.0 0.0 0.18 0.0 0.16 0.0 0.0 
110°-170° C 0.09 0.44 0.00 0.19 0.0 0.09 0.0 
io x ©... 13.85 1.50 13.95 8.35 13.49 11.08 0.73 
270°-xx" Cc ng 2.11 3.37 Fas eet 11.49 3.85 
31§ -xxx ©..... ecu Ries 4.10 pais a Sr 2.54 3.04 
Residueabovexxx°C 55.80 95.18 | 77.55 | 91.18 | 85.53 74.34 | 92.16 
Total. 99-74 | 99-23 | 99.65 99.72 99.18 99.54 99.78 
Value of x......... 264.4 | 270 270 269.0 | 259.7. 270 270 
Value of 7 Peete 413,% 315 eta Ay 315 315 
Value of xxx.......| 264.4 | 312.1 343-6 | 269.0 | 259.7 327.2 | 329.6 


which the tars were distilled in order 


of residue as that left on exposure. 


to attain the same amount 
It can also be seen that, 


with the exception of the coke-oven tar (5123), the materials 
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consisting in all or part of water-gas tar had to be distilled to 
relatively much higher temperatures than the coal-tar products in 
order to obtain the desired amount of residue. 

The residues obtained from the distillations described above 
were subjected to tests corresponding to those run on the residues 
obtained in the exposure box. The results of these tests, to- 
gether with the corresponding results for the residues from three 
months’ exposure, are tabulated in Table VT. 


TABLE VI. 


Tests on Residues from Exposure and Distillation. 


Per Float Pene- 
Material Residue cent. test, tration, 
residue 100°C. 25°C. 


Distillation to 315°C... 80.11 45”’ 32 | 25.21 
3896 Refined coal-tar.. Distillation to 264.4° C.. 85.80 34” 158 | 23.75 
Exposure 3 months..... 86.61 41” 50 | 23.64 d 
Distillation to 315° C... 95.30 53” 24 19.69 i 
4797 | Refined mixed tar. Distillation to 312.1°C.. 95.18 49” 37 | 20.15 
Exposure 3 months..... 96.23. 55” 28 | 21.40 
Distillation to 315°C... 80.96 27" 142 | 12.94 i 
5123 Crude coke-oven . Distillation to 343.6° C.. 77.55 38.5” 41 | 12.93 j 
~ ,? > 2 
tar Exposure 3 months..... 78.79 47 18 | 15.90 i 
Distillation to 315° C... 85.76 84” 5 35.50 : 
5627. Refined coal-tar... Distillation to 269.0° C.. 91.18 68.5” 17 | 33-35 3 
Exposure 3 months ..|/ 92.15 78” II 33.60 : 
Distillation to 315° C... 77.93 114” 2 | 21.11 4 
5992 Tar-asphalt mix- Distillation to 259.7° C.. 85.53 37.5” 55 | 19.30 H 
ture Exposure 3 months..... 87.16 48” 47. 20.68 { 
Distillation to 315° C... 76.66 30 107 | 3.80 7 
6672 Water - gas _ tar Distillation to 327.2" C..| 74.34) 43” 63 3.30 on 
preparation Exposure 3 months... 75.82; 59° 19 10.02 4 
Distillation to 315° C... 95.95 29” | 138 1.29 te 
X Refined water-gas Distillation to 329.6° C.. 92.16 42” 66 2.36 & 
tar Exposure 3 months..... 93.33 49” 20 6.09 


The comparison of the residue obtained from exposure with 
that from straight distillation carried to a point where the per- 


centage of residue corresponded approximately to the former ti 
leads to the conclusion that the hardening effect of exposure 1s Rg 


much more than can be attributed to loss by volatilization alone, i 
and that changes in the inherent nature of bitumen take place t 
when exposed to the prolonged action of air and sun. It is evi- rf 
dent that the residues from exposure are harder in every case, as 
shown by both the penetration test and float test at 100° C., which 
Vor. 182, No. 1090—34 


474 C. S. REEVE AND B. A. ANDERTON. [J. F. I. 


is more significant when we observe that the distillations were 
carried further than intended in all cases, the residues obtained 
being 0.81 to 1.63 per cent. less than the exposure residues. It 
is also interesting to compare the consistency of a tar residue ob- 
tained by distillation to an arbitrary temperature such as 315° C., 
with that of a residue obtained by exposure. It will be noted 
that in three cases (5123, 6672, and X) the penetration of the 
residue from the distillation is very materially higher than that 


TABLE VII. 


Percentage Free Carbon, Actual and Calculated. 


Sample Free . | In- ; 
num- Material carbon Residue Actual —- crease, re ota 
ber original — actual ~ we 

ated 
Distillation to 315°C. 25.21 24.2 | 5.85 | 4. 
3896 | Refined coal- | 19.36 | Distillationto264.4°C. 23.75 | 22.6 | 4.39 | 3.2 
tar Exposure 3 months... 23.64 22.4 | 4.28 | 3.0 
Distillation to 315°C. 19.69 18.0 | 2.56 | 0.9 
4797 | Refined mixed | 17.13 | Distillationto312.1°C. 20.15 18.0 | 3.02 | 0.9 
tar Exposure 3 months... 21.40 17.8 | 4.27 | 0.7 
Distillation to 315°C. 12.94 10.8 | 4.17 | 2.0 
5123 | Crude coke-| 8.77 | Distillationto343.6°C. 12.93 11.3 | 4.16 | 2.5 
oven tar Exposure 3 months... 15.90 I1.1 | 7.13 | 2.3 
Distillation to 315°C. 33.50 34.6 | 3.85 | 5.0 
5627 Refined coal- | 29.65 | Distillationto269.0°C.) 33.35 32.5 | 3.70 | 2.9 
tar Exposure 3 months... 33.60 32.2 | 3.95 | 2.6 
Distillation to 315°C. 21.11 18.7 | 6.54 | 4.1 
5992 | Tar - asphalt | 14.57 | Distillationto259.7°C. 19.30 17.0 | 4.73 | 2.4 
mixture Exposure 3 months... 20.68 16.7 | 6.11 | 2.1 
Distillation to 315°C.| 3.80) 3.22| 1.33 | 0.75 
6672 Water-gas tar! 2.47 | Distillationto327.2°C.| 3.30 3.32/| 0.83 | 0.85 
Exposure 3 months... 10.02 3.26) 7.55 0.79 
Distillation to 315°C. 1.29 0.75) 0.57 0.03 
X Refined water-| 0.72 | Distillationto329.6°C. 2.36 0.78) 1.64 | 0.06 
gas tar Exposure 3 months... 6.09 0.77) 5.37 | 0.05 


| 


of the residue from the exposure, while with the other four 
samples the reverse is true. Consistency tests on a residue from 
tar which has been distilled to a single arbitrary temperature can- 
not therefore be looked upon as altogether sound bases for com- 
parison. Comparing the solubilities in carbon bisulphide, we 
note that the residue from exposure contains a greater percentage 
of free carbon, except with sample 3896, where the difference is 
slight; that in the case of the coal-tars, numbers 3896 and 5627, 
the percentage of free carbon is practically the same; and that 
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numbers 6672 and X, refined water-gas tars, one containing a 
small amount of a petroleum product, show the largest differ- 
ence. Table VII presents the percentages of free carbon as 
determined and those calculated from the original material on 
the basis of per cent. of residue. 

In Table VII it is shown that the actual percentage of free 
carbon in all residues except two is greater than can be ascribed 
to loss of distillate alone, and that in the case of all samples except 
the refined coal-tars there is a large increase of free carbon over 
the calculated amount in residues formed from exposure. 


CONCLUSIONS. 


As previously noted, it is realized that the action of air and 
sun upon bituminous materials in their pure state, as carried on 
in this work, is probably very different from what it is when the 
material is in actual service, but our work as pursued would seem 
to point to the following conclusions: 

1. Upon exposure to service conditions tar products ma- 
terially harden to a much greater extent than can be attributed 
to loss of distillate alone. 

2. The changes which take place other than loss of distillate 
are accompanied by formation of organic matter insoluble in 
carbon bisulphide. 

3. Tar products containing water-gas tar appear to change to 
a greater extent than coal-tars, as indicated by the greater forma- 
tion of organic matter insoluble in carbon bisulphide. 

4. The comparative consistency of pitches obtained from dis- 
tillations of tars to a single arbitrary temperature do not repre- 
sent the relative behavior of the tars in service. 
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Hot Water Supply from Sunshine. ANoNn. (Scientific Ameri- 
can, vol. cxv, No. 7, August 12, 1916.)—The hot water used by 
one-half of the residents of Monrovia, Calif., is heated by the sun; 
and many other establishments, domestic and otherwise, in other 
localities along the Pacific Coast are at the present time supplied 
with sun-heated water. The sun imparts its warmth to water ex- 
posed in a coil on the roof or at some other favorable location ; and, 
as the temperature of the water in the coil becomes greater than that 
of the supply source, a circulation is set up and the warmed water 
moves along through the coils to a storage tank, from which it is 
drawn for use. 

The sun coil in which the operation of heating the water takes 
place consists of a shallow box about four inches deep, with a 
copper bottom; and back and forth through this box is an arrange- 
ment of pipes through which the water passes. Copper is selected 
as it is the best conductor of heat, and the pipes are secured in 
intimate contact with the copper bottom, being soldered to it so as 
to secure the greatest efficiency. The box is covered with glass and 
placed at some point where it will receive the greatest amount of 
exposure to the sun’s rays. The California coast seems to be the ideal 
place for the sunshine water heater, and most of those in use are to be 
found on the Pacific slope. But there is no reason why they 
should not be used in other sections of the country, especially 
through the South, where the sun is regarded as reasonably 
reliable in the matter of its daily visits. 


Gasoline Switching Locomotive. Anon. (Railway Age 
Gazette, vol. 61, No. 6, August 11, 1916.)—-The Erie Railroad has 
adopted a unique plan for taking care of its business in the vicinity 
of its Erie Street freight station in the city of Chicago. A gasoline 
locomotive with a hauling capacity of 500 tons distributes cars brought 
up the Chicago River on barges to the team and horse tracks for 
loading and unloading. The engine was built by the Baldwin 
Locomotive Works and is of the following dimensions: Weight in 
working order, 44,000 pounds ; wheel base (4-wheel coupled), 6 feet 
6 inches; length over all, 18 feet 8 inches; number of cylinders, 4; 
cylinder diameter and stroke, 9 inches by 16 inches; diameter of 
driving wheels, 42 inches. The engine is equipped with a Kingston 
carburetor. It has both magneto and battery ignition, two speeds, 
314 and 8 miles per hour, chain drive, the Hele-Show multiple disc 
type clutches for the main clutch and jaw clutches for the trans- 
mission clutch. The capacity of the gasoline tank is 35 gallons. The 
locomotive is equipped with an electric self-starter, headlight, and 
the various safety devices prescribed by the Interstate Commerce 
Commission for switching locomotives, modified to suit, the special 
construction of this engine. ” 


NEW METHOD FOR MEASURING RESISTIVITY OF 
MOLTEN MATERIALS: RESULTS FOR CERTAIN 
ALLOYS.* 


BY 


E. F. NORTHRUP, Ph.D., 


Member of the Institute, 


AND 


R. G. SHERWOOD. 


THE first-named writer began an experimental investigation 
of the electrical conductivity of molten metals and alloys in 1911. 
The electrical conduction at high temperature of all forms of mat- 
ter was later considered. The results of these investigations have 
been described in a series of papers,’ of which five, relating to 
metallic conduction, have appeared in the JouRNAL or THE 
FRANKLIN INSTITUTE. 

To obtain accurate data from which curves may be drawn that 
give the relation between resistivity and temperature over a wide 
range of temperatures, it was found necessary to devise entirely 
new methods of producing the required temperature and, also, 
entirely new methods for measuring the resistivities of materials 
when in the molten state. Several different methods were de- 
veloped and used in measuring the resistivities of metals and 
alloys. 

In the paper by E F. Northrup on the “ Resistivity of Copper 
in Temperature Range 20° C. to 1450° C.”? the best method 
which had been devised prior to the date of its publication was 


* Communicated by E. F. Northrup. 

The method here described is the general method devised by E. F. 
Northrup, modified in some of its details by R. G. Sherwood, and used by 
the latter for obtaining the results and all data for curves appearing in this 
article. E. F. N. 

"Trans. of the Amer. Electrochem. Soc., vol. xx, 1911; also xxv, 1914. 
Metallurgical and Chemical Engineering, June, 1912; May, 1913; Jan., 1914; 
Feb., 1914; March, 1914; May, 1914; March, 1915. JouRNAL oF THE 
FRANKLIN INSTITUTE, Feb., 1913; Jan., 1914; March, 1914; July, 1914; March, 
1915; and “ High Temperature Investigation and a Study of Metallic Con- 
duction,” June, rors. 

* Journal of The Franklin Institute, Jan., 1914. 
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fully described. Since that time experiments have been con- 
ducted by both writers of the present article with the view of mak- 
ing further improvements in the methods of measurement and of 
collecting additional data. Thus the method, which we describe 
here in full, has been reached, as it were, by a process of evolution 
and is, we believe, sufficiently perfected to meet every requirement 
of simplicity, speed, and precision. It is entirely a direct-read- 
ing and zero-method which yields all results without any calcula- 
tion whatever. We shall state, therefore, rather categorically, that 
the details which have been shown by our experience should be ob- 
served both in the set-up of the apparatus and in the procedure to 
follow in taking observations. We do this because nearly every 
possible modification of apparatus, circuits, and manner of taking 
readings has been considered, and because we have been led to 
adopt, for one reason or another, what we here describe as being 
that which, all things considered, best meets requirements. 


COOLING CURVES AND RESISTIVITY CURVES. 


Importance has long been attached to a study of certain physi- 
cal characteristics of the metals and alloys by tracing their heating 
and cooling curves, especially through changes in state. Melting- 
and freezing-point determinations are made in this way, and data 
for equilibrium diagrams have been taken largely from such 
curves. As will appear, however, from what follows, the same and 
additional information may be obtained, with nearly equal facility 
and with greater exactness, by tracing, not the progress of cooling 
of an element, alloy, or compound but the change in resistivity of 
the material with change in the temperature when this is slowly 
raised or lowered. The methods which have been perfected for 
measuring the resistivity of molten materials have enabled us in 
certain cases to measure simultaneously the resistivities of two 
metals, under identical temperature conditions, to a temperature 
as high as 1680° C. When, however, the temperature much 
exceeds 1000° C. difficulties are encountered from the formation 
of new chemical equilibria and the contamination of the sample 
being measured. Below this temperature difficulties of this char- 
acter do not arise to any serious extent, and, as will appear later 
on, it is quite as simple to measure with high precision the resis- 
tivity of a molten metal or alloy at a temperature near 1000° C. 
as it is to measure the same property of mercury at room tempera- 
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tures. Furthermore, below 1000° C., resistivity curves can be 
traced with nearly the same facility as cooling curves, and they 
may be carried through changes of phase to low temperatures 
where the materials are solid. 

It seems to us quite certain that data on electrical resistance or 
electrical resistivity of a metal, and more especially of an alloy 
in the solid, solid-liquid, and liquid phases, will yield new and 
valuable information which cannot be obtained from cooling 
curves or from any of the other methods now employed to study 
the physical characteristics of alloys. 

Following the description of methods of measurement are 
given some results, obtained by the methods described, for alloys of 


tin and bismuth. 
REQUIREMENTS TO BE MET. 

If measurements of resistivity are to be carried higher than 
1100° or 1200° C., a wire-wound furnace is unsuitable, and it 
becomes necessary to employ the type of furnace * which was de- 
veloped by the first-named writer for this particular class of work. 
When, however, a study of the alloys is under consideration it is 
generally unnecessary and it is often impossible (on account of 
vaporization of a metal) to take observations above a tempera- 
ture of 1000° C. In this case a vertical-type furnace, made by 
winding an alundum tube with nichrome wire or ribbon, meets 
every requirement. In what follows we shall confine ourselves to 
a consideration of measurements of resistivities which can be made 
in a furnace of this type. 

It is necessary to measure the temperature with precision. 
This can be done with either a resistance-thermometer or with a 
thermocouple and, also, by a certain special method which will be 
briefly considered later. We have found a properly constructed 
thermocouple (its cold junction being held at O° C. in a Dewar 
flask filled with cracked ice), which when read with the aid of a 
Leeds & Northrup potentiometer, fills every requirement of 
precision. A thermocouple, furthermore, gives the desired 
temperature-readings in the simplest and most direct manner, and, 
furthermore, its calibration is effected with greater ease than the 
calibration of other devices by checking it against the freezing- 
points of certain metals. 

*“ A New High Temperature Furnace,” by E. F. Northrup, Metallurgical 
and Chemical Engineering, Jan., 1914. 
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To obtain the value of the resistivity of a molten material, it is 
very desirable to employ a device which will give this result by 
direct insertion of the device into a considerable mass of the mol- 
ten material, contained in a crucible. We have named the in- 
strument devised for this purpose a “ resistometer.”’ Its use has 
many advantages over the earlier devices and methods employed. 
Previous to the development of the resistometer a small quantity 
of the molten material was confined in a specially shaped form 
moulded from refractory material. There are some objections 
to these earlier methods; for when a small quantity of molten 
material is confined in a large mass of refractory material the like- 
lihood of contamination of the molten material by contact with its 
container ‘is considerable, and moulded forms require considerable 
skill and labor to construct. The resistometer, on the other hand, 
with its small mass, when inserted in a large mass of molten 
material, is little to contaminate it. 

The desirability of making the readings of resistivity directly 
in microhms per cm.* and by means of a null-method requires 
the use of a Kelvin double-bridge, which is the best type of low 
resistance-reading device employed with a null-method. 

Alternating current must be used for the measuring current. 
Our experience has demonstrated that where potential terminals 
come in contact with a molten metal or alloy a not inconsiderable 
electromotive force is always developed, and that it rapidly in- 
creases in magnitude and irregularity as the temperature increases. 
Above 500° C. these electromotive forces become so large and 
erratic that it is exceedingly difficult, and at times impossible, to 
make accurate measurements, if direct current is used as the meas- 
uring current. By substituting alternating current all difficulties 
arising from parasitic electromotive forces and currents vanish. 

An alternating-current galvanometer, or other detector of bal- 
ance of the bridge, which will be responsive to alternating current 
only and comparable in sensibility to a good D’Arsonval galvanom- 
eter, is required when the measuring current is alternating. An 
alternating-current galvanometer which possesses new features 
and fills every requirement was designed especially for this work. 

In measuring the resistance of molten materials, connections 


*“ Resistivity of Copper, etc.’ JouRNAL oF THE FRANKLIN INSTITUTE, 
Jan. 1914 ,see p. 7. 
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or electrodes must be used which shall serve both for current and 
potential terminals. Tungsten wire, and in many cases molyb- 
denum wire, has proved entirely satisfactory for this purpose 
at the temperatures used, because neither tungsten nor molyb- 
denum fuses or appreciably alloys with any molten metal not 
belonging to the iron group. 

To obtain the results directly in microhms per cm.* it is neces- 
sary to so design the resistometer that its constant may be obtained 
readily. This is accomplished by inserting it in pure mercury, 
which serves as a standard of resistivity. When the constant of 
the resistometer has been obtained thus, the values of the bridge 
ratio-coils may be then so chosen that the bridge-readings, when 
multiplied by a power of ten, are in microhms per cm.*. For this 
reason the ratio-values of two ratio-arms should be adjustabie. 
We proceed to describe in detail the apparatus, and the methods 
of using it, which have been found to meet the above requirements 
in all respects. 


THE RESISTOMETER TYPE 1. 
(See Fig. 1.) 


Two quartz tubes or Marquardt porcelain tubes 17M’, having 
about a 6 mm. bore, are firmly cemented into a small square block 
of Alberene stone 4. A unit is thereby formed which permits the 
tubes to be lowered into a bath of molten material contained in 
an alundum crucible E. A second pair of tubes NN’ of the same 
material as WM’, having an outside diameter of about 3 mm., are 
also firmly cemented in a small square block of Alberene stone B, 
thus forming a second unit. When the latter tubes are in position 
they are concentric with the tubes MM’, as shown in the figure. 
We shall call the 1M’ current-tubes and the tubes NN’ poten- 
tial-tubes. The lower ends of the current-tubes when in position 
reach to about 1 cm. or more from the bottom of the crucible EZ. 
The potential-tubes are of such length that when in position their 
lower ends are about 1.5 cm. above the ends of the current-tubes. 
Two tungsten wires, PP’, about 1 mm. in diameter, are inserted in 
the potential-tubes and extend to 1 or 2 mm. from the ends of 
these tubes. Two other tungsten wires, OO’, preferably of a little 
larger diameter, are inserted in the current-tubes and lie alongside 
the potential-tubes. The lower ends of these wires should be 0.5 
cm. or more above the ends of the potential-tubes. These latter 
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terminals. Molybdenum may in many cases be substituted for 
tungsten for the current- and potential-leads. Tungsten is, how- 
ever, to be preferred if the temperature is to be carried very high. 
In one experiment a No. 20 tungsten wire and a No. 20 molyb- 
denum wire were placed in molten tin held at 1200° C. for about 
fourteen hours. The molybdenum wire had dissolved to an ex- 
tent that reduced it in size to No, 23 B. and S., while the tungsten 
wire had not perceptibly changed in diameter. Little action is to 
be expected on either tungsten or molybdenum immersed in any 
metal or alloy which is molten and under 1000° C. 

As shown in Fig. 1, the crucible E is placed in a container, F, 
made of Acheson graphite. The main object in using the graphite 
container is to obtain a reducing atmosphere in the furnace, and 
incidentally, also, to more uniformly distribute the heat about the 
crucible E. When the chamber of the furnace is filled with a 
reducing atmosphere the surface of metals which readily oxidize 
in an oxidizing atmosphere is maintained free from oxide and 
bright. It is specially important to maintain a reducing atmos- 
phere when working with copper, as this metal dissolves the oxide 
which forms on its surface and so changes in specific resistance. 

The heater-unit consists of an alundum tube D wound with 
nichrome wire or ribbon. This wire or ribbon winding may with 
advantage be covered over with alundum cement or “Vulcan paste,”’ 
which helps to hold the winding securely in position on the alundum 
cylinder on which it is wound. The alundum cylinder is firmly 
cemented in a heavy slab, C, of Alberene stone. This slab, which 
may be round or square, also forms the top of any metal or other 
gas-tight vessel chosen to contain the heater-unit. When working 
at temperatures under about 500° C. it is convenient to have only 
air insulation around the heater-unit in order to secure rapid cool- 
ing when the current is turned off. When slow cooling is desired 
this is readily secured by maintaining a reduced heating current, 
adjusted with a control resistance, through the heater-unit. 


THE RESISTOMETER TYPE 2. 
(See Fig. 2) 

In many cases and for certain kinds of work it is desirable to 
construct the resistometer in another form, employing, however, 
the same principle as that used in type 1, and using it in the same 
circuits and in the same manner when measurements of resistivity 
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are made. In this forma single tube, M, only is used, which has 
approximately the same dimensions and is made of the same 
material as either one of the tubes of type 1. 

Two potential-tubes, NN’, firmly cemented together with Vul- 
can paste, are arranged so that they will readily enter this outside 
single tube. One of these potential-tubes is longer than the other 


by 1.5m. to 2cm. When the potential-tubes are in position the _ 


lower end of the longer one may reach within a few millimetres 
from the bottom of the outside tube, 7, which we designate the 
current-tube. ‘This latter is inserted in a tube, F, of Acheson 
graphite closed at the bottom. The current-tube may reach a 
short distance from, or quite to, the closed bottom of the graphite- 
tube F. The sample the resistivity of which is to be measured 
is poured while molten into the graphite-tube and the current- 
tube is then inserted, the molten material filling the interior of 
the current-tube to a level chosen a short distance above the lower 
end of the shorter potential-tube V’. 

One current-lead C of tungsten or molybdenum is placed along- 
side the potential-tubes, its lower end being maintained a little 
above the lower end of the shorter potential-tube. The graphite- 
tube or casing forms the second current-lead. 

When current is passed through the resistometer there is a 
drop in potential between the lower end of the shorter and the 
lower end of the longer potential-tube. There is inserted in each 
of the potential-tubes a tungsten wire, 7, which reaches to within 
a millimetre or two from the lower end of each of these tubes. 
These potential-leads serve as a means for measuring this poten- 
tial drop. If the two potential-tubes are firmly cemented together, 
then the distance between their ends,—that is, the distance between 
potential-points,—is fixed, and if the two potential-tubes occupy 
the same position in the current-tube at the time the constant of 
the resistometer is obtained by measuring its resistance when 
filled with pure mercury as when measuring its resistance when 
filled with the molten metal, the resistivity of this latter is to the 
resistivity of pure mercury as the measured resistance of the lat- 
ter is to the measured resistance of the mercury. In other words, 
the cross-section and length of the fluid-column of which the re- 
sistance is measured is invariant, because the very slight expan- 
sion with temperature of the Marquardt porcelain or quartz of 
which the current- and potential-tubes are made is quite negligible. 
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If the lower potential-terminal ends 3 or 4 mm. above the end 
of the current-tube it is immaterial whether the current-tube 
reaches to the bottom of the graphite casing or not. All parts of 
this type of resistometer, current-tube, potential-tubes, tungsten 
wire potential-leads, and current-lead should be aranged so as to 
be readily assembled and taken apart because, after the resistom- 
eter has been filled with pure mercury for obtaining its constant, 
it must be freed from the last traces of mercury, which tend to 
cling to the potential-tubes, before filling it with molten metal or 
alloy. 

The advantages of this single-tube type of resistometer con- 
sist largely in its simplicity and compactness and in the fact that 
it is better adapted than the former type to the measurement of 
the resistivity of a precious metal or an alloy of precious metals, 
where, for reason of cost, it is desirable to use small quantities of 
metal. Again, this type of resistometer when filled with pure 
molten tin can be used as a pyrometer which will measure tempera- 
tures up to 1600° or 1700° C._ As has already been shown by the 
first writer in a previous paper,” tin increases linearly in resistance 
from its melting-point (232° C.)to at least 1680° C., and hence 
can be used in a resistometer as a pyrometric substance. A meas- 
urement of the resistance of the tin contained in the resistometer 
need only be made at two known temperatures to obtain the cali- 
bration of the resistometer, used as a pyrometer up to a tempera- 
ture of at least 1680° C. 

On the other hand, this second type of resistometer is less 
desirable than the first when one has in view the tracing of the 
resistivity curves of base metals or their alloys. The first type 
can be made more robust and is more easily cleaned, as it must be 
when used with different samples, and the vertical distance of the 
liquid column the resistance of which is measured can be made 
less than in the second type, a circumstance which insures greater 
uniformity of temperature in the mass of metal being measured. 

In either type of resistometer it is important that the thermo- 
couple should have its hot junction in as close proximity as possi- 
ble to the column or columns of molten metal contained between 
the potential-points when the resistance is being measured. In 
using resistometer type 1, the thermocouple can be immersed with 


* JouRNAL OF THE FRANKLIN INSTITUTE, June, I9I5, p. 625. 
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the resistometer in the same bath of molten material, and by plac- 
ing it alongside of and between the two current-tubes the tem- 
perature of the columns of material being measured is given with 
great exactness. When resistometer type 2 is used, it is desirable 
to submerge the graphite-casing of this, and the thermocouple in 
close contact with it, in a bath of molten tin. By so doing the 
temperature will be sensibly the same at the end of the thermo- 
couple and in the interior of the resistometer. We recommend 
for most classes of work type 1 in preference to type 2. 


ALTERNATING-CURRENT GALVANOMETER. 


As previously stated the large electromotive forces of a para- 
sitic character which are developed in the resistometer, when this 
is immersed in a molten metal or alloy, preclude the use of direct 
current for the measuring current and, therefore, a direct-current 
galvanometer. We have worked with both 60-cycle and 25-cycle 
alternating current. The latter is to be preferred, as it is then 
of less importance, when high precision is required, that the ratio- 
coils in the Kelvin double-bridge should be free from capacity or 
inductance. The alternating-current galvanometer which has 
been designed, two of which were constructed for this work in the 
shop of the Palmer Physical Laboratory, has proved a very great 
success and completely fulfils the following requirements for a 
satisfactory instrument: 

The sensibility of the instrument should be fully equal to the 
sensibility of a good D’Arsonval galvanometer of the type of a 
Leeds & Northrup “ High Sensibility Narrow-coil Galvanometer,” 
known as catalogue No. 2294 and described in the Leeds & North- 
rup catalogue No. 20. In fact, it was aimed to give the alternat- 
ing-current galvanometer the same characteristics in performance 
as this direct-current instrument. The sensibility, however, of 
the alternating-current galvanometer is not a constant quantity as 
with a direct-current instrument, but may be varied to any degree 
within wide limits by simply changing the value of the alternating- 
current passed through its magnetizing coils. As the damping 
of the system varies with the square of the field-strength, this lat- 
ter is chosen of such value, by adjusting the current through the 
magnetizing coils, that the system after deflection returns aperiodi- 
cally to zero with the particular resistance in circuit with the 


swinging coil which is in use. With an adjustment of field- 
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strength made thus, the sensibility of the galvanometer should 
equal that of the direct-current instrument referred to. The 
aperiodic time of swing of the galvanometer should not exceed 
two or three seconds, and this requirement makes it necessary to 
use a narrow, light coil for the swinging system. In fact, the 
swinging system used was identical with that used in the Leeds & 
Northrup galvanometer just referred to. 

When the alternating-current galvanometer is in use the swing- 
ing system is necessarily on closed circuit, and, as this latter hangs 
in a field in which the magnetic flux is alternating, currents are 
induced in the swinging-coil circuit. It is essential that these 
induced currents should not cause the system to seek a position of 
stable equilibrium other than that at which it comes to rest when 
no currents are flowing. This requirement has been fully met by 
the special shape which has been given the pole-pieces of the 
laminated galvanometer-magnet. It has never been found neces- 
sary to make any phase adjustments of any of the currents. 

The magnetizing coils, two in number, may be joined in series 
or parallel combination. They are always connected im series 
with the main circuit of the Kelvin double-bridge, and hence must 
be able to carry without heating and without too strongly mag- 
netizing the magnet, a current which is at least as large as the 
current passed through the bridge. It is unadvisable to cut down 
the current through the magnetizing coils, which are highly in- 
ductive, by means of a shunt. The bridge, however, being non- 
inductive, may be shunted to any extent. Hence it follows that 
the current through the magnetizing coils required to energize 
the field-magnet may be chosen much larger than, but never less 
than, the current which is passed through the bridge. 

The general appearance of the galvanometer is given in Fig. 3, 
reproduced from a photograph, while Fig. 4 shows a few details 
of construction. In referring to Fig. 4 it will be noted that the 
fixed iron core-piece between the pole-faces, which is generally 
used with direct-current instruments, is omitted. The pole-faces 
are hollowed out so that the coil swings in a hollow cylinder. This 
construction is used for the reason that when the coil is on short 
circuit it will tend to set itself in the weakest part of the field. 
The shape which has been given the pole-pieces makes the position 
of stable equilibrium for the system that which corresponds to 
zero reading on the scale. 
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The system hangs in a box of hard rubber with a glass front 
which exposes it to view. All metal parts in the neighborhood 
of the system are avoided to prevent the formation of eddy 
currents. 


FIG. 4. 


SECTION ON AB 


When adjustments are properly made the performance of this 
instrument with current of 25 cycles or 60 cycles is in all respects 
like that of a quick-acting, aperiodic, highly-sensitive direct- 
current instrument. 
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THE KELVIN DOUBLE-BRIDGE. 

It is very much more convenient for work of this class to em- 
ploy a type of Kelvin double-bridge in which a balance is obtained 
by varying the position of the potential-points on a low-resistance 
standard than one in which a balance is obtained by varying the 
ratio-coils and using a fixed low-resistance standard. The type 
of variable low-resistance standard used in all our work is the 
one made by Leeds & Northrup known as catalogue No. 4300 
and described in catalogue No. 40, p. 7 et seqg.* The variable 
ratios were obtained with an Otto Wolff box, designed for use 
with low-resistance fixed standards for measuring low resistances. 
The fixed ratio-coils were obtained with single-resistance units. 


CIRCUIT-CONNECTIONS, USING RESISTOMETER TYPE 1 AND A 
THERMOCOUPLE. 


(See Fig. 5-) 


The electrical circuits employed and the manner of including 
the resistometer type 1 in these circuits are shown diagrammati- 
cally in Fig. 5. The resistometer itself is shown with its lateral 
dimensions greatly exaggerated for the sake of clearness. The 
source of current is the secondary of a step-down transformer T. 
S is a switch which when in position 2 cuts the resistometer and 
Kelvin double-bridge out of circuit and puts the magnetizing 
coils, CM, of the galvanometer in circuit with the transformer- 
secondary and the two resistances, R’ and Rk. When the switch S 
is in position 1 the resistance FR’ is cut out of circuit and the resis- 
tometer and Kelvin double-bridge are thrown into circuit with 
the source of current. The switch S is so constructed that neither 
contact I or 2 is broken before the other is made. This is neces- 
sary to prevent a sudden small deflection of the galvanometer 
which would result if the current through its magnetizing coils 
were momentarily stopped. The resistance RK’ is given such a 
value that the total resistance in circuit with the secondary of the 
transformer is the same whether the switch S is in position 1 or 
in position 2. The object in being able by means of the switch S 
to throw the bridge and resistometer out of circuit is, that by so 
doing the zero position of the galvanometer may be located. Re- 


* For full treatment of the theory and use of the Kelvin double-bridge, see 
Northrup, “ Methods of Measuring Electrical Resistance,” McGraw-Hill Book 


Co., 1912. Arts., 609-612. 
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sistances A and 4’ are fixed ratio-coils, generally chosen 1000 
ohms each. Resistances B and B’ are ratio-coils which can be 
varied. They are chosen of such a value that the settings of the 
slider P, as read on the scales S, S” shall indicate the resistivity of 
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the sample, when multiplied by some power of ten, in microhms 
per cm.-*. In our work we used the set of Otto Wolff ratio-coils 
above referred to for obtaining the required resistance values of 
Band B’. The method of finding the proper values for B and B’, 
to make the bridge read directly resistivity in microhms will be 
explained later. 
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The thermocouple, 7C, is located in the bath of molten mate- 
rial so that its hot junction is midway between the bottom ends 
of the two potential-tubes, NV N’ and the two current-tubes M M’. 
Its cold junction is located in the Dewar flask D, filled with 
cracked ice, and the terminals of copper wire which lead from 
the cold junction are joined to the potentiometer as shown in 
Fig. 5. Our work was all done with a Leeds & Northrup poten- 
tiometer, catalogue No. 7551, described in catalogue No. 70. 


CIRCUIT-CONNECTIONS, USING RESISTOMETER TYPE 2 AND A 
TIN-PYROMETER. 


When using resistometer, type 2, it is convenient, if one is 
supplied with two alternating-current galvanometers and two 
Kelvin double-bridges, to also measure the temperature with a 
resistometer, type 2, filled with pure tin. In this case the two 
resistometers, one of which becomes a pyrometer, are both in- 
serted in a bath of molten tin, as indicated at K and K’, Fig. 6. 
It is possible to so choose the resistances of the Kelvin double- 
bridge, used with the resistometer filled with pure tin and now 
called a pyrometer, that the bridge-readings are directly in 
degrees C., and also to so choose the values of the ratio-coils con- 
nected to the resistometer used for determining resistivity that 
bridge-readings in this case are in microhms per cm.*. We shall 
omit explaining these adjustments in detail, but give the circuit 
connections in Fig. 6. 

An extremely important line of high-temperature investigation 
is an inquiry into the linear increase in resistance of pure metals 
when carried to a very high temperature. By simultaneously 
tracing the increase in resistance of two different metals when sub- 
jected to identical temperature-conditions, it is possible to ascer- 
tain, by studying different pairs of metals taken in different com- 
binations, whether or not they all increase in resistance linearly. 
The method and connections shown in Fig. 6 are well adapted to 
this study. By a somewhat similar arrangement the first-namicd 
writer has investigated the pair of metals tin and copper® and has 
found that both these metals when in the molten state increase 
linearly in resistance to at least 1680° C. The second-named 
writer made this comparison also between the metals lead and 
tin by using the apparatus and method shown in Fig. 6 and found, 


* JouRNAL OF THE FRANKLIN INSTITUTE, June, IQ15, p. 635. 
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likewise, that both tin and lead increased linearly in resistance 
when molten up to about 1575° C. We believe that the method 
devised, as shown in Fig. 6, is most convenient for direct compari- 
son to a very high temperature of the rate of increase in resistance 
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of two molten metals or alloys. If this comparison were to be 
made of various pairs of metals chosen in different combinations 
it would firmly establish an extension, to a high temperature, of the 
temperature-scale on a basis new and quite as reproducible as 
the gas-scale. 
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CALIBRATION OF RESISTOMETER; ADJUSTMENT OF RATIOS. 


The theory of the method of adjusting the ratio-coils in a 
Kelvin double-bridge so that the readings on the variable low- 
resistance standard when multiplied by a power of ten will be in 
microhms per cm.* has been given by the first-named writer in a 
former paper.’ The calibration of the resistometer and the ad- 
justment of the ratio-coils, however, may be determined experi- 


Fic. 7. 


Assembled apparatus used in measurements 


mentally and simultaneously without any calculation, in the sim- 
plest manner possible, as follows: 

A container of the same dimensions as the one destined to 
contain the sample is filled with pure mercury. The resistometer 
is placed in this mercury, the temperature of which is accurately 
taken with a mercury thermometer. The two ratio-coils 4 A’ 
(Fig. 5) are given some arbitrary value, say 1000 ohms. A set- 


*“ Resistivity of Copper in Temperature Range 20° C. to 1450°,” JouRNAL 
OF THE FRANKLIN INsTITUTE, Jan., 1914, pp. O-II. 
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ting is then made on the variable low-resistance standard which 
when multiplied by some power of ten is equal to the specific resist- 
ance of the mercury in ohms when at the temperature recorded. 
A balance of the bridge is then effected by the simultaneous ad- 
justment of the ratio-coils B B’. The readings of the bridge when 
multiplied by the proper power of ten will now give the resist- 
ivity of the mercury in microhms per cm.*. Likewise, if a 
molten metal of unknown resistivity be substituted for the 
mercury and the bridge be again balanced by changing the 
setting on the variable low-resistance standard the new setting, 
when multiplied by the same proper power of ten, is the resist- 
ivity of the molten metal. For example: if the mercury has 
the temperature of 25° C. its resistivity is 96.268 microhms per 
cm.? Choosing the ratio-coils 4 A’, 1000 ohms, and setting the 
variable resistance at 0.009628 ohm, the bridge is balanced by ad- 
justing the ratio-coils B B’. It is evident that the bridge-reading 
when multiplied by 10 * is the resistivity in microhms of mercury 
at 25° C., and it is obvious that, the ratio-coils being left un- 
changed, all bridge-readings henceforth, whatever sample is 
chosen, will give the resistivity of this in microhms per cm.*. 

By making these adjustments the resistivities of the samples 
studied are determined without any calculation whatever, and the 
result is that it is actually simpler to measure the resistivity of 
molten brass, for example, at 800° C. than to determine the resist- 
ivity of a rod of metal at room temperature. When the resistom- 
eter-tubes are made of Marquardt porcelain the temperature, 
given a suitable furnace, can be carried to 1600° or 1700° C., and 
it follows that, when one is supplied with the equipment which 
has been described, the resistivities of molten metals can be 
determined with the greatest ease, simplicity, and accuracy to even 
this high temperature. 


MANIPULATION. 


Before beginning a series of observations a test should be made 
of the measuring apparatus to ascertain if any defects exist in 
the circuits, such as incorrect connections, bad contacts, poor 
insulation, etc. For making this test the ratio-values of the 
bridge are set close to the values which are to be used in the meas- 
urements, and the same current- and potential-leads, which attach 
to the resistometer, are connected to a low-resistance standard of 
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manganin. <A standard should be selected which has a resistance 
not far from the average resistance of the resistometer. The 
resistance of this manganin standard is then measured, a balance 
being obtained by varying the setting on the low-resistance stand- 
ard. If a correct resistance value is now obtained for the man- 
ganin standard-resistance, one is assured that the bridge and meas- 
uring circuits will yield correct results when used to measure the 
unknown resistance of the resistometer. In fact, by this proced- 
ure the determination of the unknown resistance is reduced, 
almost, to a substitution method of measurement, and the chance 
of introducing a systematic error into the resistance-measurements 
becomes practically nil. 

There is one important precaution which: requires considera- 
tion, if high precision is desired. This consists in so selecting the 
values of the ratio-coils A A’ that when the resistance values of the 
ratio-coils B B’ are correctly chosen in the manner previously de- 
scribed, these latter values will be very large in comparison with 
the resistance of the tungsten or molybdenum potential-leads. 
The reason for this depends upon the fact that, so much of these 
leads as are in the lower end of the resistometer, change in resist- 
ance when the temperature of the resistometer is changed. By 
making the resistances of B B’ very large in comparison with this 
variable resistance of the potential-leads, the per cent. variation 
in the ratios B/A and B’/A’ may be made quite negligible under all 
variations in temperature. 

It is not improbable that on first heating a sample in a crucible 
some contaminating material may be dissolved out of the sub- 
stance of the crucible and so affect the resistivity of the sample. 
To guard against this possibility it is well to first heat in the cruci- 
ble to be used some of the sample material, carrying the tempera- 
ture higher than one intends to carry it in making measurements. 
This first lot of sample material is then replaced by a fresh lot, 
when it may be safely assumed that the first lot of material has 
taken up all contamination from the crucible and that the second 
lot will not take up any contamination, and hence may be used for 
the sample to be measured. After a test on a sample has been 
completed it becomes necessary to thoroughly free the resistom- 
eter from all traces of the material tested before it can be used 
for testing another sample of a different kind. If the sample 
tested has a melting-point lower than the boiling-point of mercury 
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and is soluble in mercury, the resistometer may be easily cleaned 
by immersing it in hot mercury until all traces of the sample 
tested are dissolved off the tubes and metal terminals. Any mer- 
cury which clings to the parts of the apparatus is easily wiped off 
with acloth. If the material to be removed has a higher melting- 
point than boiling mercury or does not readily dissolve in mercury, 
it may still be removed by first immersing the resistometer in 
molten tin, carried to the necessary temperature to dissolve the 
material to be removed, and then later remove with hot mercury 
the tin which remains. 

Either type of resistometer may be used as a pyrometer for 
temperatures up to 1600 to 1700° C. Type 2, however, is better 
adapted to this service. It is very advantageous to so calibrate 
and employ it that the readings on the variable low-resistance 
standard of the Kelvin double-bridge will be ( with the subtraction 
of a single constant) in degrees of temperature. 

The following affords a simple and wholly satisfactory method 
of calibrating the resistometer and evaluating the constants: 

Assume that a metal is selected for the pyrometric substance 
which is molten over the range of temperature to be measured, 
and that the resistance of this metal, when molten, is a linear func- 
tion of the temperature. Then calling R: the resistance at tem- 
perature t and Ro the resistance at 0° C. of this metal between 
potential-points of the resistometer, we can write, 


where m is a constant and ¢ ts the temperature. 
By the law of the Kelvin double-bridge, 


where S is the reading of the bridge on the variable low-resistance 
standard and b/a is the ratio-setting used. Then from Equations 
(1) and (2) 


*$ = mt+ Ro 
from which 


The value of the resistance a may be chosen arbitrarily and the 
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values of m and Ro may be obtained by experiment, in the man- 
Re 
m 


ner presently to be described, and will equal some constant K. 


When, therefore, m, a, and K are known, the resistance b can be 
b : ; 
given a value such that —_ = 8, where 10” is any desired power 


of 10. When this particular value is assigned to b, Equation 
(3) becomes 


Equation (4) states that the temperature will be given directly 
in degrees when the reading of the variable low-resistance stand- 
ard is multiplied by some power of 10 and a constant quantity 
subtracted from the result. The power of Io to use will depend 
upon the resistance-range of the variable low-resistance standard 
employed. The multiplier of S is 10° if the resistance-range of 
the standard is from 0 to 0.01 ohm. To evaluate the constants 
mand Ro in Equation (1) it is, of course, only necessary to obtain 
experimentally the resistance of the resistometer at any two 
known temperatures where the metal, used as a pyrometric sub- 
stance, is molten. Thus according to Equation (1) we have for 
a temperature f¢ 

R 


and for temperature f, 
R = mi, + Ro 


From Equations (5) and (6) we easily derive 


R -R, 
m= , 
t-—t 


Ro = Rd — Bh and 
t—t, 
Ro aE Rit — Rt 


— R-R, =K,a constant. 


The best method of obtaining the two resistance-values of the 
pyrometer RK and R, at the two temperatures t and t, may be 
applied as follows: 

Select generous quantities of two metals, as lead and copper, 
the freezing-points of which are accurately known. Then place 
the pyrometer in a bath of one of these metals and record its 
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resistance as the metal slowly cools. When the metal begins to 
freeze its temperature holdsconstant at the freezing-point tempera- 
ture of the metal for an appreciable time, and likewise the resist- 
ance of the pyrometer holds constant over this same period. This 
resistance is then the resistance of the pyrometer at the known 
freezing temperature of the metal used, and the quantities FR and t¢ 
become known. Repeat with the other metal, and then the quan- 
tities R, and ¢,; become known. Curve 3, Plate 1V, shows a resist- 
ance cooling curve taken in the above manner with the pyrometer 
placed in a lead-bath. It should be noticed how marked is the 
freezing-point. 

The freezing-points on similar curves for Sb, Cd, Zn, and Cu, 
all of which may be used to give fixed points of temperature, are 
even more sharply defined, and hence it is easily seen how very 
accurately the necessary data may be obtained for determining the 
constants m and Ro. In making these determinations it is advis- 
able to use crucibles made out of Acheson graphite. They are 
easily constructed by drilling out, with about a one-inch drill, a 
rod of graphite. The walls of the crucible should not be over one 
or two millimetres thick, because the heat capacity of the con- 
tainer should be kept as small as possible. If the heat capacity 
of the container and pyrometer are large in comparison with the 
heat capacity of the metal that constitutes the bath, then if the 
metal is one which on starting to freeze, undercools, the tempera- 
ture will not ascend again to the normal temperature of solidifica- 
tion. The reason for this is that heat will be taken from the 
bath by the container and the pyrometer while the metal is rising 
from its undercooled temperature to its normal freezing-point 
temperature. The use of a thick-walled crucible, rapid cooling 
of the furnace, and insufficient quantity of metal in the bath, all 
contribute especially in the case of antimony, which greatly 
undercools, toward an inaccurate determination ; the temperature 
given to the pyrometer, at the time its resistance is recorded as 
momentarily constant, being lower than the true freezing-point 
temperature. 

As an illustration of the above method of calibrating a pyrom- 
eter we record the data obtained in a particular case. The 
pyrometric substance employed was pure tin. This metal was 
chosen because it is inexpensive, its melting-point is low (232° C.) 
and its boiling-point very high (over 2000° C.), and because its 
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increase in resistance with temperature, when in the molten state, 
is strictly linear to at least 1680° C. and probably higher. From 
data taken we have: 


R (resistance of pyrometer at freezing-point of copper, 1082.8° C.) 
= 0.0021544 ohm. 
R; (resistance of pyrometer at freezing-point of antimony, 630° C.) 
= 0.0018252 ohm. 


Substituting these values in the expression for the value of m 
gives, 


_ 0.0021544 — 0.0018252 


. a6 Ke 


and in the expression for Ro gives, 


0.0018252 X 1082.8 — 0.0021544 X 630 


= 1.367 X 10% 
1082.8 — 630 307 X 


Ro = 


and 


From the expression = 10” we obtain, by giving to x 
ma 


the value 5 and to a the value 2 x 10° ohms, 


b = ma 10° = 7.268 X 10° X 2 X 10° X 10° = 145.36 ohms. 


Hence, using this pyrometer with the above constants and a vari- 
able low-resistance standard, which has an upper limit for the 
value S of 0.1 ohm, we obtain, according to Equation (4), 


t= S 10°- 1880, degrees Centigrade. 


[f the upper limit of S had been 0.01 ohm it would have been 
necessary to use the factor 10 ® instead of 10°, and then b would 
have been 1453.6 ohms instead of 145.36. 

When employing the resistance as a pyrometer we used the 
variable low-resistance standard belonging to a Leeds & Northrup 
Kelvin double-bridge, catalogue No. 4307, the upper limit of 
which is 0.1 ohm, and when using the resistometer for resistivity 
measurements we used a Leeds & Northrup variable low-resis- 
tance standard, catalogue No. 4300, which has an upper limit 
of o.o1 ohm. 
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OBSERVATIONS AND RESULTS. 


The second-named writer, in the course of an investigation 
undertaken for the purpose of studying the electrical resistivity 
of some: pure metals and also of some alloys, as these slowly 
changed from the liquid phase to the solid phase, and vice versa, 
has obtained some results which will serve to illustrate the useful- 
ness and precision of the methods of measurement which have 
been described. It is hoped that these results, furthermore, will 
prove to have an interest of their own, although what is here 
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given is more or less limited in character and scope, because the 
research is necessarily an extended one and was only well begun 
at the time this article was prepared. 

Curve 1, Plate IV, is a resistivity-temperature curve drawn 
from data obtained for pure Kalhbaum lead. The resistivity 
measurements were made with a type 2 resistometer, while an- 
other resistometer of the same type was used for the temperature- 
measuring device. This latter was filled with pure tin, which 
served as the pyrometric substance. The arrangement of appara- 
tus used is shown diagrammatically in Fig. 6. 

Curve 2, Plate IV, is a curve of the same character for the 
alloy bismuth-tin in atomic proportions. Attention is called to 


Be PW 


Oct., 1916.) METHOD OF MEASURING MOLTEN MATERIALS, 503 


the upper portion of this curve, where it will be noticed there is a 
sharp change, beginning at about 1140° C., from its otherwise 
linear character. This, very probably, is to be interpreted as the 
temperature at which the bismuth starts to vaporize and pass off, 
thus modifying the composition of the alloy. In this connection 
attention is directed to a phenomenon of the same character ob- 
served by the first-named writer in brass, an alloy of zinc and 
copper. The resistivity curvé of brass shows a marked inflec- 
tion at about 1090° C., at which temperature the zinc began to 
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vaporize out. Curves 1 and 2, Plate I, are resistivity-temperature 
curves for pure bismuth and pure antimony respectively, taken as 
the metal cooled. Curve 1, Plate II, is a similar curve for pure 
tin, also taken as the metal cooled. Curves 1, 2, 3, 4, 5, 6, Plate 
III, and Curve 3, Plate II, are resistivity-temperature curves for 
various alloys of bismuth and tin. The per cent. of each compo- 
nent, in each of the different alloys used, is designated in connec- 
tion with each of the curves. Curve 2, Plate II, is a resistivity- 
temperature curve of a Bi-Pb alloy containing 8 per cent. by 
weight of Bi. 


* Metallurgical and Chemical Engineering, March, 1914, p. 161. 
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In all the above cases the resistivity measurements were made 
using a type I resistometer. The temperature measurements were 
all made with a copper versus constantan thermocouple, except 
with antimony, in which case a platinum-rhodium couple was 
employed. The hot junction of the copper-constantan couple 
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was encased in a thin-walled quartz-tube and immersed in the 
sample and laid close alongside the resistometer-tubes, as previ- 
ously described. The calibration of this thermocouple was care- 
fully checked at frequent intervals during the investigation and 
no change in its calibration was observed. Before taking any 
observations on an alloy care was used to thoroughly mix the 
sample when at a temperature of 600-700° C. This precaution 
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was taken to give assurance that perfect homogeneity was secured 
throughout the entire mass of the sample contained in the 
crucible E. 
DISCUSSION AND DEDUCTIONS.’ 
A common characteristic shown by all these resistivity-curves, 
both for the pure metals and the alloys, is their linear character in 
the molten state. Moreover, it is interesting to note that the 


slope it for all the curves of the Bi-Sn alloys in the molten 
state is approximately constant. The phenomenon of undercool- 
ing, indicated on the curves by C D, is clearly shown in the case of 
bismuth and tin (see Plates land II). This phenomenon should 
also have appeared, presumably, in the case of antimony, since 
this metal exhibits undercooling in a marked degree. That the 
phenomenon did not appear on the temperature-resistivity curve 
is to be explained, probably, by failure to use a sufficient quantity 
of the metal when taking the measurements. So far as we are 
informed, this is the first time that the phenomenon of undercool- 
ing has been made to reveal itself on a temperature-resistivity 
curve when tracing this for a metal or alloy passing from the 
molten to the solid state. 

The chief interest in the results obtained, however, is con- 
nected with the curves obtained for the alloys of bismuth and tin 
given in Plate III. Attention is directed to the following 
features: 

1. The linear portion of the curves gives the resistivity-tem- 
perature relation of the alloy when this exists as a homogeneous 
liquid-solution. When cooling has reached the point designated 
by the letter 4 on all the curves, there suddenly takes place a sepa- 
rating out of a mixed crystal. Between the points A and B on the 
curves the alloy consists of this mixed-crystal and a liquid solu- 
tion, the latter, however, gradually disappearing while the mixed- 
crystal increases in amount until the point B on the curves is 
reached. Here the last trace of liquid solution disappears and 
at the same instant the single mixed-crystal immediately begins to 
separate into two conjugate mixed-crystals. This is shown 
sharply on the curves. The remaining portion of the curve 
gives the resistivity of the alloy while the two mixed-crystals 

* All that follows is contributed by and is entirely based on the work 
done by R. G. Sherwood. 

VoL. 182, No. 1090—36 
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gradually change their relative composition, as the cooling 
progresses. The temperature at which the last trace of the 
liquid solution disappears and the two mixed-crystal forma- 
for this class of alloys, always at the definite 


tion begins is, 
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fixed-temperature called the * Eutectic Point.” The reason why 
Curve 5, Plate III, does not exhibit this common character- 
istic is to be explained by the fact that the proportion of the 
constituents is such that, after the point B is reached, the single 
mixed-crystal remains as an unsaturated solid-solution of bis- 
muth in tin, for the lowest temperature recorded. Hence there 
is no breaking up of the alloy into the two conjugate solid-solu- 
tions or mixed-crystals above referred to. In the case of the 
curve for the eutectic alloy the points 4 and B are at the same tem- 
perature, since, by definition of the eutectic, the homogeneous 
liquid solution at its freezing-point does not pass into a single 
mixed-crystal, as do the other alloys, but passes immediately into 
two conjugate mixed-crystals. The character of the curve for 
the eutectic brings out this point well. 

2. The heating curve for the eutectic alloy, curve 2, is inter- 
esting, since it apparently shows that the mixture represented 
by the proportions of this alloy are the proper proportions to 
“ wipe out,’”” so to speak, the abrupt break exhibited by all the 
other curves, as well as by the pure metals themselves. Heating- 
curves for these latter have been taken, but, since they differ only 
slightly from the cooling-curves given and seem to be of no 
special interest, they have not been included. The phenomenon 
above mentioned, associated as it is with the alloy having the 
lowest freezing-temperature, rather suggests some sort of a defi- 
nite relation existing between the molecular condition or arrange- 
ment which causes a lowering of the freezing-point of the alloy 
and the molecular condition or arrangement functioning to change 
the resistance of the alloy. 

3. When consideration is taken of the fact that the liquid 
phase of a metal or alloy possesses no crystalline structure, at 
least in the case here referred to, and is homogeneous throughout, 
it is logical to conclude that a systematic study of the electrical 
resistivity of various metals and alloys in their liquid phases might 
yield some very interesting and important information and furn- 
ish thereby a new basis for the comparison of this property with 
other properties of the metals or alloys. In this connection the 
curve, Plate V, is of unusual interest. This curve shows that a 
linear relation exists between the resistivity of the various alloys of 
bismuth and tin and the percentage of gramme-atoms of each con- 
stituent forming the alloy. Whether such a relation or some 
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other simple relation holds true for alloys of other metals is, of 
course, a matter of more or less speculation. 

To obtain a more specific relation between the resistivity, con- 
centration, and temperature of the alloy Bi-Sn, we can proceed 
as follows: Let R= resistivity of an alloy of Bi and Sn at concen- 
tration c and temperature ¢, where c is a quantity varying from 
zero to unity, being unity when the alloy consists of, say, 100 per 
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cent. tin and zero per cent. bismuth—per cent. to be reckoned as 
above described. The temperature will be reckoned in degrees 
Centigrade. Then assuming R=f (ct), 


3ut on the assumption that all the resistivity-temperature curves 
have approximately the same slope, we may write 


Again, considering Equation (7) as a total differential, 


i - 2(22) of 2 == a aRY _ 8 wo 
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eR -K where K is a constant (see curve, Plate V). 


Here = 
Equation (7) now can be written dR = Kdc + mdt, which upon 
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integration gives, R=Kce+mt+p, where p is the constant of 
integration. 

To evaluate p, let t=O and c=O, then p= R*® where R® is 
defined as the intercept of the linear portion of the resistivity- 
temperature curve for pure bismuth projected back to cut the 
R axis. 

Finally then, 


The constant K and m in Equation (8) must, of course, be 
obtained from the slopes of the resistivity-concentration curve and 
the resistivity-temperature curves, respectively. 

The resistance-temperature coefficients of the alloys in the 
liquid phase can, of course, also be expressed in terms of the con- 
centration c and the temperature ¢. \While this gives no new 


information, it is interesting to find an expression for it. Calling 

; nee ~ 1 dR : - : 

this coefficient a defined as zm awe obtain from Equation (8) 
e 


, dc 
‘thet te 
Ro dt ~ Ke +R 


a= 


s* . ee dc - 
Since ¢ and ¢ are independent variables, |, =O, whence 


Equation (9) is obviously the equation of an hyperbola. 
Referring again to Curve 2, Plate IV, it will be noticed that 
the resistivity of this alloy of Bi and Sn (50 per cent. Bi and 
50 per cent. Sn, each being in per cent. of gramme-atoms of each 
constituent ) at 300° C. checks exactly with the value taken from 
the curve, Plate V. When it is considered that the data for 
the former were taken with apparatus differing quite essentially 
from that used in the case of the latter, the agreement is indeed 
gratifying and illustrates fully the practical value of the methods 
herein described. 
PALMER PHySICAL LABORATORY, 


Princeton, N. J., 
May, 1916. 
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Brick Chimney Strengthened by Reinforced Concrete. E. 
McCuLLouGH. (Engineering Record, vol. 74, No. 6, August 5, 
1916.)—Repairs to a dangerously cracked brick factory chimney 
150 feet high successfully transformed it, to all external appear- 
ances, into a concrete chimney. A reinforced concrete shell was 
built around the old brickwork, using the latter as interior and gal- 
vanized steel as exterior forms, without interrupting the operation 
of the plant. The total cost of the work was about one-half the 
original cost of the brick chimney. This chimney was built 14 years 
ago. Three years after it was erected cracks appeared without any 
apparent reason, which gradually increased in size until last year 
when they excited alarm, and threatened to cause the cancellation of 
insurance policies on adjacent structures. 

A concrete casing 10 inches thick was placed around the square 
base, 37 feet in height, above the base on the tapered shaft; the 
concrete is 8 inches thick at the bottom and 6 inches thick at the top. 
The horizontal reinforcing bands consist of 14-inch bars spaced 24 
inches apart. The total cost of the concrete work was $2465, and 
the original cost of the chimney from the ground line to the top, 
$4800. 


Using Steam Heat for Melting the Softer Metals. R. Cramer. 
(American Machinist, vol. 45, No. 5, August 3, 1916.)—In its manu- 
facturing process the Amalgamated Machinery Corporation of 
Chicago uses large quantities of type metal, an alloy of lead and 
antimony, for setting bearings and the like in cored castings. The 
alloy has a melting-point of 475° F., and it is essential that it be 
poured at a temperature not exceeding 550° F. Ordinary gas-heat- 
ing melting furnaces such as are in common use for this kind of 
work necessitate the constant vigilance of an attendant using a ther- 
mometer in order to prevent overheating of the metal bath. 

It was thought that by means of a coil containing steam at suffi- 
ciently high pressure, the latter being kept constant automatically, 
the metal bath could be kept in proper condition, ready to be drawn 
from without an attendant. The pressure at which saturated steam 
has a temperature of 550° F., is 1050 pounds per square inch. It 
was found, however, that to insure transfer of heat, desirable to 
employ a temperature of 600° F., corresponding to a pressure of 
1575 pounds per square inch. An apparatus designed by Winslow 
Brothers, of Chicago, consisting of a receptacle carrying a steam 
coil for heating a cast-iron crucible connected to a high-pressure 
boiler of special design, heated by gas, fulfilled the requirements. 
The details of the apparatus have worked reliably in practical opera- 
tion, and it is possible to keep the metal in a melted condition at the 
desired temperature, ready for instant use, without more attention 
than a casual glance at the pressure gauge. 


A CENTURY OF LIGHT.* 
BY 
WALTON CLARK, M.E., D.Sc., 


President of The Franklin Institute. 


Mr. PAut, the chairman of the Committee on Instruction of 
The Franklin Institute, has conferred upon me the honor of ad- 
dressing you to-night. Since Mr. Paul has left the subject of my 
talk to my selection, I, as might be expected from my profession in 
life, have elected to speak of light, and “ A Century of Light” 
is the subject of my story—the wonderful growth in the volume 
of artificial illumination in the century beginning with the year 
1815, the date upon which artificial illumination began its career 
as a public service industry. 

The lighting industry, as a public service, is all of the hundred 
years just ended; mainly of its latter half. In the earlier decades 
of the century, adventurous men spent their lives amid the perils 
of the Arctic, slaughtering harmless mammals, and bees were 
robbed and domestic animals gave their lives, that with train oil 
lamps and moulded tapers man might mitigate the evening's 
gloom. And then came gas lighting as a public service industry. 
The longest step in the advance of artificial illumination, from 
the building of the first fire to this hour, was taken when a mate- 
rial capable of yielding light upon combustion, requiring no stor- 
age upon the premises of the user, always ready for use, and 
measured as used, was made available to man. We may not deny 
that this long step in the art of artificial illumination was among 
the first of the gigantic strides with which material civilization 
has marched through the century. 

The art of illumination by manufactured gas had its birth 
prior to 1815, but it did not attain the dignity of a public service 
industry until 1815. Nor were the discoveries made prior to 
1815 of great importance, except that they demonstrated the 
practicability of the general distribution of what Bonaparte called 
‘“ Une Grande Folie,” and Walter Scott referred to as the project 
of a “madman,” and later as a “ pestilential innovation.” In 
1796, Philadelphia—always prominent in matters relating to the 
gas industry, and, except for its disastrous experiment with munic- 


* Address to the Graduating Class of the Franklin Institute School of 
Mechanic Arts, April 14, 1916. 
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ipal ownership, always with an enviable prominence—had a 
sight of the “* Folie,” and it was the first sight of the wonder had 
in the United States. 

Watson, in his Annals of Philadelphia, tells us that “ The 
first gas made in Philadelphia, or in the United States, was manu- 
factured by M. Ambroise and Company, Italian fireworkers and 
artists, and was exhibited in burning lights of fanciful figures 
:; , at their amphitheatre, Arch Street, between Eighth and 
Ninth, in August, 1796.” 

The earliest recorded attempt to provide a gas works for an 
American city was made by Dr. Bollman, in Philadelphia, in the 
first year of our century, 1815. In Philadelphia we are fre- 
quently the first to start, but sometimes we are slow on the road. 
Philadelphia had the first start towards the first American gas 
works, but Baltimore and New York had gas works before Phila- 
delphia. And the enterprise of the Italian citizens of Philadel- 
phia, and of Dr. Bollman—indicative each of a progressive spirit 
in our city—is in contrast to a protest of many prominent citizens, 
addressed to the Select and Common Councils, and entitled “ A 
Remonstrance Against Lighting With Gas.”’ This protest, which 
was registered in 1833, arraigned gas as a powerful and destruc- 
tive agent, and the consequences of its use are called “ appalling.” 
It concludes: “ In conclusion, we earnestly solicit that the light- 
ing of our city with oil may be continued.” Among the several 
hundred signers of this protest are many names well known to-day 
in Philadelphia business, social, and professional life. But the 
prominent gentlemen failed of their purpose, and two years later, 
after Mr. S. V. Merrick had studied gas lighting in Europe, and 
recommended it to the citizens and government of Philadelphia, 
Philadelphia established a gas works, with Mr. John C. Cresson 
as engineer. Mr. Merrick was one of the founders of The 
Franklin Institute, and for twelve years its president. Mr. Cres- 
son, the builder of the first gas works in Phildelphia, was at that 
time one of the managers of The Franklin Institute, and later, for 
eight vears, its president. 

From the beginning of history to the beginning of our century 
of light there had been no radical advance in the art of nocturnal 
illumination. Tapers and lamps consuming oil through a wick 
were used when the Pyramids of Egypt were built ; and tapers and 
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lamps using oil through a wick were—aside from what we call 
fires—the sole source of artificial illumination at the beginning of 
our century of light. 

And during the first four decades of our century sperm oil and 
candles were practically the only illuminants used by the average 
city-dwelling family of moderate means. Gas was not generally 
to be had, and, where it might be had, was too costly for the aver- 
age purse, though it was proving its value to those who could 
afford it, and was coming into favor as a street illuminant. Dur- 
ing these forty years, from 1815 to 1855, there was no material 
increase in the amount of lighting in the homes of people of 
small means—the great mass of the population. Whale oil 
throughout these four decades sold at about 80 cents per gallon, 
except that from 1845 to 1855 the average price was $1.77 per 
gallon. This high price was due to the increasing scarcity of 
whales. The high price of whale oil resulted in so greatly re- 
duced profits that ship-owners gave up the whaling business. 
The supply was proving far short of the demand, though the de- 
mand must have been greatly reduced by the advance in the price. 
Fortunately for the purse of the householder, a new lamp oil came 
into use at about this time, when the discovery of petroleum in 
Pennsylvania gave kerosene to the world, and life to the few 
remaining whales. 

During these four decades, 1815 to 1855, tallow candles sold 
at approximately 15 cents per pound. There were six candles 
to the pound, and each candle cost 2% cents and had a life of seven 
burning hours. <A candle cost, therefore, about one-third of a 
cent per hour burned. 

Light, in this country, is expressed in candle-power. Candles 
vary in the amount of light they give, but not greatly when under 
similar atmospheric conditions. The standard of illumination 
in England and America is the light given by a so-called sperm 
candle, of prescribed composition and wick, and burning at the 


rate of 120 grains per hour, in an atmosphere so quiet that the 
flame does not flutter and the sperm does not gutter. And a 
candle-power hour is this amount of illumination maintained for 
one hour. Under such conditions a wax candle will give almost 
exactly the same amount of light as a sperm candle—the wax 
candle burning approximately ten per cent. less weight of material 
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per hour. A tallow candle will burn forty-six per cent. more 
material than the sperm candle, and will give almost exactly the 
i same amount of light. The tallow candle, once an important arti- 
be cle of commerce, has practically disappeared. I believe you can- 
| not find one on sale in Philadelphia to-day. 

The conditions under which candles are ordinarily burned— 
being living-room conditions—cause the candles to give less light 
than when in a more quiet atmosphere. It is probable that the 
average illumination obtained from a candle in ordinary use is 
not greater than one-half of a so-called candle-power. But in 
the figures that I am now discussing, except as otherwise stated, 
I credit the candle with giving the amount of light that is given 
by a standard candle burning 120 grains per hour in a quiet and 
pure atmosphere. 

The illuminating power of the electric light is not affected by 
atmospheric conditions. The illuminating power of the Wels- 
bach burner is little affected by atmospheric conditions, except 
that a strong and intermittent draft will reduce its value some- 


what. 

I will now have put upon the screen a table presenting graphi- 
cally the data that follow in the text, that you may more readily 
comprehend my story. 

During these four decades, 1815 to 1855, the householder of 
average means, in American cities, had light in his home equiva- 
lent to approximately nine thousand candle-hours per annum; and 


i 
te the cost per family, these first forty years of our century, was 
ree approximately $22 per annum. Unless our grandfathers were 
15 better circumstanced that the average householder of their day, 
et} they paid probably $22 per year for their nocturnal illumination, 
Be and they enjoyed the equivalent of about twenty-five candle-hours 
Ai lighting per night. This takes account of the expenditures made 
if : directly for illumination, and of the illumination provided by 
7 : such expenditure. To this amount of light should be added what- 
1 ever of the energy developed by fires maintained for heating and 
ae for cooking was utilized for illumination. In that early day and 


among people of small means a considerable amount of the even- 
ing work of the household and of the study of the children was 


done by firelight. 
The decade 1855 to 1865 saw the introduction of the kerosene 
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lamp into the homes of people of average means. This resulted 
at once, in an increase of nearly fifty per cent. in the amount of 
illumination, without material change in its cost. Sperm-oil 
lamps, burning two ounces of oil per hour, average approximately 
7.5 candle-light. The camphene lamp of that day, burning kero- 
sene oil, consumed 134 ounces of oil per hour, and gave approxi- 
mately 8 candle-power. The oil cost was approximately the 
average cost of sperm oil through the greater part of the preceding 
four decades—8o cents per gallon. There was one marked ad- 
vantage in the use of the kerosene over sperm oil—the wick kept 
much freer from carbon, requiring much less frequent snuffing. 
This snuffing was a serious nuisance to the users of whale-oil 
lamps. The serious disadvantages in the use of the kerosene of 
that early period were the frequency of the explosion of the coal- 
oil lamps and the smell of the lamps. These were due to the 
presence in the kerosene of other and more volatile hydrocarbon 
products of the distillation of petroleum. With greater knowl- 
edge, and greater care in the fractionating of petroleum, has come 
a quality of burning fluid, or kerosene, that makes the kerosene 
lamp practically as safe as a candle, and as odorless. 

The light of twenty standard candles was probably nearly the 
maximum amount of light in the household of people of average 
means during the lighting hours of these five decades—the first 
half of our century; and the total lighting in such a household 
was about nine thousand candle-hours per year. The amount of 
light now being thrown into this room for its illumination is 
about 2500 candles. The lamps now burning in this room would 
give in four hours as much light as our forebears—if of average 
financial position—used in their houses in a year of nights. 

The decade from 1865 to 1875 witnessed a very material 
improvement in the character of the kerosene lamp and a material 
reduction in the price of kerosene. During these years kerosene 
could be purchased at 55 cents per gallon, and 1.50 ounces of the 
oil would maintain 10.7 candle-power light for an hour. 

This—1865 to 1875—is the last decade of the tallow candle 
as an important factor in the domestic economy of a city-living 
people of average means. It is also the period in which gas 
became an important factor in the lighting problem of city people. 
The candle-hours per annum of illumination averaged 20,000 to 
38,000—about three times the lighting during the first five decades 
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of our century. The cost per family using kerosene and candles 
was slightly reduced, and the cost per family beginning to use gas 
was increased from approximately $23 to $34. Gas, during that 
period, sold at about $2.50 per thousand cubic feet. The maxi- 
mum amount of light in the household, during the lighting hours 
of that decade, was about 100 candles—one twenty-fifth of the 
amount of light in this room at present. 

From 1875 to 1885, and thereafter, the use of candles for 
illumination by city families of moderate means was a negligible 
quantity. Kerosene had been reduced to 22 cents per gallon, gas 
to $2 per thousand cubic feet. At these lower rates artificial 
illumination had been so cheapened, and coincidently the means 
of families of average means had so increased, that the amount of 
illumination per annum rose 300 per cent. to 76,000 candle-hours, 
and the cost rose about seventy per cent. to approximately $30 
per year. The maximum light in the household during this 
decade was 140 candles, or about one-eighteenth of the light in 
this room. 

From 1885 to 1895 kerosene dropped to 13% cents per gallon, 
and gas to $1.50 per thousand cubic feet. The greatest improve- 
ment in lighting devices ever covered in one step was given the 
gas consumer at this time—1885—in the Welsbach lamp. This 
invention of Auer von Welsbach at once increased the light-yield- 
ing efficiency of coal-gas from three candles to twenty candles 
per cubic foot. By this time kerosene and the kerosene lamp had 
been given a circular wick, and so improved otherwise as to give 
38 candle-power, with a consumption of 4.5 ounces of kerosene 
per hour. The cost of illumination, whether with gas or kero- 
sene, in this period—1885 to 1895—was approximately $25 per 
annum for the average family. 

From this time—1895—kerosene practically disappears from 
the domestic economy of families of average means in the city of 
Philadelphia, and gas and electricity take its place; gas at $1 per 
thousand cubic feet, and electricity at about 10 cents per kilowatt 
—the gas used in Welsbach burners, and the electrical energy con- 
sumed in incandescent carbon filament lamps of 16 candle-power. 
Families of average means, using gas, from 1895 to 1905, had an 
illumination of approximately 200,000 candle-hours per year, and 
at a cost of approximately $20 per annum. Families using elec- 
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tricity during this period had approximately 51,000 candle-power 
hours per year for illumination, at a cost of approximately $25. 

During the last decade of our century there has been a notable 
improvement in Welsbach incandescent gas lamps and a more 
marked improvement in electric incandescent filament lamps. 
The efficiencies of the latter have been twice influenced—once by 
the introduction of an improved carbon filament, and again, and 
more profoundly, by the introduction of the tungsten filament. 
| am referring now to lamps for domestic use. There has been a 
further very marked improvement in the economy of electric il- 
lumination of large spaces through the use of the flaming filament 
arc and nitrogen-filled incandescent lamps. The tungsten fila- 
ment vacuum lamp is used almost exclusively, where electricity is 
used, for domestic purposes, and it is the lamp that is now 
lighting this room. 

In the last year of our century, thrifty families of five people— 
city residents—and of average financial strength will use for 
lighting, if with gas, approximately 200,000 candle-power hours 
per year, at a cost of approximately $14.50 per year; and a similar 
family, using electricity for illumination, will probably use 123,000 
candle-power hours per year, at a cost of approximately $17.50 
per year. The maximum light in the average household is 
now approximately 360 candles—about one seventh of that in 
this room, and eighteen times the light of a similar household in 
the earlier decades of our century. 

These somewhat tiresome figures show that coincident with an 
increase of 1700 per cent. in the amount of night lighting, not 
including firelight, of an American city family, in average cir- 
cumstances, using gas for light, there has come a reduction in the 
cost of the year’s lighting of 34 per cent., or approximately $7.50 
per year; and that the cost of lighting per unit of light—the can- 
dle-hour—is now but two and eight-tenths per cent. of what it 
was in the first half of our century. No other necessity of house- 
hold use has been so cheapened and improved during the century. 

The figures that I have just given you are my estimate of the 
amount and of the cost of the nocturnal illumination enjoyed in 
the households of people of average means, dwelling in Philadel- 
phia. They are based in part on the memory of elderly people. 
They are probably very nearly correct. 

If The Franklin Institute were paying current rates for small 


(J. F. I. 


520 WALTON CLARK. 


consumers—1o cents per kilowatt—for the electric current used 
in the tungsten lamps, the light in this room would be costing the 
Institute approximately 25 cents per hour of illumination. 

At the beginning of our century of light there was nowhere 
in the world such brilliant and inexpensive lighting as we have in 
this room, though there was much more beautiful lighting than 
that of this room, good as it is. 

Washington’s Birthday was celebrated in 1817 with a great 
ball in Washington Hall, on South Third Street, five hundred 
people being present. The chronicles report the room as being 
lighted by two thousand wax candles—giving probably a thousand 
candle-power. It is referred to as an instance of room lighting 
of great brilliance, and it must have been very beautiful. It was 
brilliant and costly lighting for that period, and, in my opinion, 
sufficiently brilliant for a ball-room of any period. If the ball 
continued (as I am told was the custom during the administration 
of President Madison) from g P.M. to 2 A.M., the cost of the 
lighting was about $150, equal to $30 per hour—two-fifths the 
amount of light in this room, and at one hundred and thirty-six 
times the cost. 

The old Shot Tower, still standing near the old Gloria Dei 
Church, was that night illuminated with one hundred and sixty 
lamps. A chronicle of the day calls it a “ veritable tower of 
light.”’ At the best the total amount of light used in its illumina- 
tion was about one thousand candles—the equivalent of about one 
arc electric lamp. The cost for oil used to produce this illumina- 
tion was probably about $2.40 per hour of lighting. 

To furnish a comparison with the above figures, I instance the 
lighting of this room, equalling about 2500 candles, and costing 
25 cents per hour and 10 cents per 1000 candle-hours ; the present 
lighting of the foyer of the Academy of Music, with Welsbach 
incandescent lamps, having a total lighting power of 3800 candles, 
and costing 28 cents per hour and 7 cents per 1000 candle-hours ; 
and the lighting of the front of the office of The United Gas Im- 
provement Company, at Broad and Arch Streets—the lamps there 
used being known as high-pressure, incandescent gas lamps— 
having a total lighting value of 16,000 candle-power, and cost- 
ing 53 cents per hour and 3.3 cents per 1000 candle-hours. I 
cite these instances of modern illumination not with pride, nor 
necessarily with approval, but as evidence that the development 
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of the business in which I have been engaged—the public service 
lighting business—and the cheapening of artificial light—easily 
has outpaced the development of any other industry or science 
known at the date of its birth an hundred years ago. 


TABLE II. 


Showing the Estimated Amount and Cost of Street Lighting in Philadelphia at 
Different Periods of the Century Just Ending. 


Total yearly Approximate Approx- 
Number of cost of light- candle power imate 
Year street and Popula- | ing to city, cost per Description of 
public lamps tion taking the ; 1,000 large units 
free gas lamps Total Per | candle 
as if at cur- 
rent prices 


Cc 
Whale oil, 1,132 58,000 $19,263.75 15 56.7 Sperm oil wick 
lamps 


Gas, 1,966 121,000 $43,252.00 35.38% 2 30.5 18 C. P. gas Ar- 
gand burner 


Gas, 14,268 >. P. gas flat 


flame 
Naphtha, 3,360 950,000 >. P. Maloney 

>. arcs, 
9.6 amperes, 47 
volts 


Welsbach burners 


gas 
Welsbach burners 
naphtha 
Open D. C. arcs, 
9.6 amperes 


Naphtha,19,987 1,765,810 $2,392,035.90 


Electric, 14,635 


We have in this table a graphic presentation of the amount 
and growth, and cheapening of the street lighting of Philadelphia 
during the century just past. 

The growth in population from 1809 to 1915 was approxi- 
mately from 60.000 to 1,750,000, or nearly 3000 per cent. The 
increase in the amount of street lighting was approximately 
200,000 per cent. The decrease in cost of street lighting per 
unit of light was approximately 95 per cent. The increase in the 
amount of light per capita of population was 6400 per cent., and 
the increase in cost per capita was 308 per cent. The gas lamps, 
for which the city does not make a cash payment, are included 
in these figures at current rates. 

The suggestion of brighter nocturnal illumination in the 
streets of cities and in the houses of the well-to-do, carries nothing 
of inspiration to any man. There can be little joy in adding to 
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what already is, at least, enough. But the suggestion of a 
possible further reduction in the cost of nocturnal illumination— 
a reduction that shall mean a reasonable amount of lighting in 
homes now, through poverty, dark ; rendering safer, more beauti- 
ful, and more cheerful the surroundings of the poor—carries much 
of inspiration to the engineers of the lighting fraternity. And 
there is promise of such reduction, cheap as artificial illumination 
now is—cheapened as it has been through decades that have wit- 
nessed a cheapening in little else. Small room as there is for a 
further reduction in the cost of gas and electricity, there is pros- 
pect of a cheapening of light through improvement in gas and 
electric lamps. 


TABLE III. 


Total Luminous Efficiencies of Light Sources. 


Source Efficiency, 
per cent. 
Sperm candle..... .02 + 
Flat flame gas.... .036 . 
Incandescent mantle 
MOR oe ovata S$ wa Se .190 & 
Carbon filament elec- 
SORE Woe tare ee -420 & 
Tungsten filament 
CWOMNE i cuwas 1.3 * 
Firefly..... YTe *86.4 > 
$0 TIMES 
AREA OF 
THIS CIRCLE 
* Assuming the efficiency of the firefly as a transformer of bodily energy into radiation 


is 90 per cent. 


In the conversion of energy—actual and potential—through 
thermodynamic or chemical action—into light, there is a develop 
ment of heat, necessary to the process, but greatly out of propor- 
tion to the lighting result obtained. 

The whale-oil lamp converted to light one five-thousandth 
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part of the energy stored in the oil. ‘The standard sperm candle 
also converts to light one five-thousandth part of the energy de- 
veloped in its combustion. The most efficient artificial lighting 
unit known at the present time is the yellow flame electric arc 
light, and this delivers as light but one-fifteenth of the energy of 
the electric current producing it, and but one one-hundredth of 
the energy in the coal which is the ultimate source of electric 
energy. The lamps lighting this room convert to light but thir- 
teen one-thousandths of the energy of the current supplied to 
them. The Welsbach domestic gas-lamp yields as light two one- 
thousandths of the energy in the gas burned in it. In these 
modern lighting units, the most efficient yielding to our useful 
purposes but seven per cent. of the energy delivered to it, and the 
least efficient—to my eye the most beautiful—yielding but two- 
tenths of one per cent. of the energy delivered to it—it is evident 
there is an opportunity for further economies, greater, perhaps, 
than those offering in any other field of industry. The brains 
and hearts of men of the highest scientific attainment are devoted 
to this opportunity—not of making brighter the places already 
bright, but of so cheapening artificial light that they who, through 
poverty, now sit in nocturnal darkness may have light; and that 
what light is had, and by whatever class had, may be so applied to 
use as to simplify the lives and beautify the surroundings of the 
users. The possibilities of improvement are somewhat indicated 
by the fact that the lamp of the fire-fly has an efficiency of 86 per 
cent.—twelve times greater than the most economical of our 
sources of artificial light. 

Young men, I deem it my duty, in this day of conflict, of un- 
restrained national passion—though I| stand in the Quaker City, 
and in the hall of an institution for whose existence Quakers are 
largely responsible—to speak to you a few words of the condition 
of our nation and of what, in a military way, our nation may 
reasonably expect from us in its day of danger. 

Each of the certificates that will be given to you to-day bears 
three wood-cuts. Two of them are indicative of what the charter 
of The Franklin Institute declares to be its function—the promo- 
tion of the mechanic arts. The third wood-cut is a figure of 
Liberty leaning on the shield of our country. This figure and 
shield indicate the expectation of the founders of our institution 
that the young men who graduate from our school will have an 
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interest beyond that concerning their immediate means of liveli- 
hood ; an interest in the safety, honor, and welfare of the American 
Republic, and in its means of defense. 

You, young men, workers in the industries by day, have given 
evidence, by your work in our schools at night, of a discipline and 
self-denying spirit that are a gratification and inspiration to those 
who know of it. It is to men of this discipline and of this spirit, 
wherever and however had, that our nation must look for help in 
its present time of need. You, by reason of the evidence you have 
given of this discipline and this spirit, are marked men among your 
associates. Accustomed to looking toward the future and work- 
ing for a future good, your kind, of all men, should be the first, 
after the soldier and sailor defenders of our flag, to foresee a peril 
and to sound the alarm. After the soldiers and sailors, your 
kind should be found most nearly ready and conditioned to do a 
part in the defense of the nation. 

I think we must believe that our government will finally adopt 
a policy of preparedness for war that will insure the future peace 
of the nation. This certainly will be if our lawmakers are con- 
vinced that their constituents demand it. As far as we can, let 
us help them to this conviction. 

And, however this may be, let us highly resolve that whatever 
our nation, as a nation, may do; however adequate or inadequate 
may be the measures it takes to protect our homes and our liber- 
ties, our country will find us, in its time of need, ready, at its call, 
to stand with our lives and our fortunes “ between our loved 
homes and the war’s desolation.”” And, my friends, let each man 
of us further resolve so to live that the service and the life he will 
have to offer his country in her hour of trial shall be as useful to 
her as, in God’s providence, he is able to make them. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


THE FREEZING POINT OF MERCURY.’ 
By R. M, Wilhelm. 


THE temperature at which mercury freezes is of importance 
in thermometry. It marks the lower limit to which mercurial 
thermometers may be used, and its location at about —39° C. makes 
it of value as a fixed point of the temperature scale below o° C. 
A paper by the Bureau of Standards and which is now in press 
gives the result and describes in detail the method used in making 
a redetermination of this constant. The temperature measure- 
ments were made by means of platinum resistance thermometers 
whose constants had been previously determined by calibration 
at o°, 100°, and 444.6° (the boiling point of sulphur). All the 
evidence at present available indicates that the platinum resist- 
ance thermometer calibrated as above, defines temperatures in 
agreement with those given by the standard gas thermometer 
down to —40°. The value obtained at the Bureau, —38.87°, is in 
very good agreement with that found by Henning in 1913 at the 
Reichsanstalt, Germany, who also used platinum resistance ther- 
mometers and obtained —38.89°. 


THE SACCHARIMETRIC NORMAL WEIGHT AND THE SPE- 
CIFIC ROTATION OF DEXTROSE? 


By Richard F. Jackson. 


PURE dextrose was prepared from starch conversion products 
and from invert sugar solutions. After a preliminary purging 
had removed a great portion of the adhering impurities, the sub- 
stance was dissolved to form a 60 per cent. solution in water and 
the crystals allowed to form slowly during continuous agitation. 
Two or three recrystallizations were sufficient to produce dextrose 
of high purity. A portion was subjected to a fractional crys- 
tallization and another portion precipitated by ethyl alcohol. The 
various purified samples showed essentially identical properties. 

Dextrose crystallizes from water solution with one molecule 
of water of crystallization which it loses very readily at 60° C. 

* Communicated by the Director. 

* Scientific Paper No. 294. 

* Scientific Paper No. 203. 
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The residual moisture was removed by heating in a vacuum at 
60° — 80° C for several hours. 

To prepare the solution for polarization approximately the 
quantity required was weighed and dried in a weighed volumetric 
flask and the solution made up to the graduation mark of the 
flask at 20.0° C. From the data obtained the densities of dex- 
trose solutions were calculated and found to correspond to the 
formula: 

20° > ° 
ra 0.99840 + 0.003788 p+ 0.00001 412 p? 
where p is per cent. anhydrous dextrose by weight in vacuo, The 
formula is valid for values of p between 5 and 30. 

The solution was allowed to stand over night at room tem- 
perature in order to destroy the mutarotation. 

Twelve independent measurements were made to determine 
the weight of substance which, contained in 100 cc. of solution, 
would cause a rotation of 100° S on the scale of the quartz-wedge 
saccharimeter. If the latter is controlled by the conversion fac- 
tors determined by Bates and Jackson,1 namely 34.620° for A= 
5892.5 A or 40.690° for A= 5461 A or by the rotation of 26.000 
g. of pure sucrose in 100 cc. the normal weight of dextrose is 


~~ 


32.231 g. weighed in air with brass weights. If the saccharimeter 
is calibrated by the Herzefeld-Schonrock factor 34.657° which 


Bates and Jackson have shown to be in error, the normal weight 
of dextrose is 32.264 g. 

For more dilute than normal solutions the rotations deviate 
from proportionality. It is therefore necessary to apply correc- 
tions to make the scale reading indicate the per cent. of substance. 
At go° S the correction is + 0.20; at 80°, + 0.35; at 70°, +.0.46; 
at 60°, +0.53; at 50°, +0.55; at 40°, + 0.53; at 30°, +0.46; at 
20°, +0.35; at 10°, +0.20, 

The rotation of the normal solution (32.231 g.) for A= 5461 
A is 40.898°. Since the normal quartz plate rotates 40.690° it 
is evident that there is a considerable divergence between the 
rotary dispersion curves of dextrose and of quartz. Thus when 
the quartz-wedge saccharimeter is set for a photometric match 
the field is slightly heterochromatic and the degree of reproduci- 
bility of the setting is necessarily less than that of sucrose whose 


‘J. Wash. Acad., vi, p. 25 (1916); Bull. Bur. Standards 13, p. 67 (1916). 
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dispersion curve coincides more closely to that of quartz. This 
difficulty is only overcome by an increased number of settings 
and by some preliminary experience on the part of the observer. 
The specific rotation which is a function of the concentration 

of dextrose corresponds to the formula 

20.0 

a = 62.032 + 0.04257¢ 
5461A 


where c is grams of anhydrous dextrose weighed in vacuo and 


contained in 100 cc. of solution 


20 
a = 62.032 +0.04220p + 0.0001897p" 
5461A 


where p is per cent. dextrose by weight in vacuo. 


Apparatus for Determining Hardness of Metals. ANon. 
(The Mechanical Engineer (Manchester), vol. 38, No. 967, August 
4, 1916.)—A simple device for testing the hardness of metals 
has been designed by Messrs. Vickars, Ltd., and R. L. Smith. It 
consists essentially of a square steel bar of known hardness 
against one face of which a steel ball is held in contact by a clip 
attached to a yoke fitted to the other faces of the bar. The clip is 
elastic so that the ball and yoke can be snugly held at any point 
along the length of the bar. To obtain the approximate hardness 
of an article under examination, the apparatus is placed with the 
ball resting against the article, and the yoke is given a light blow 
with a hammer. If the resulting indentation on bar and article 
to be tested are alike, the hardness of the material is that of the 
standard bar. If, however, there is any appreciable difference in 
the two impressions, the operation is repeated with a harder or 
softer bar until equal impressions are obtained, the figures marked 
on the end of the bar then giving the hardness possessed by the 
article under examination. For each successive test the yoke is 
moved along the bar until the ball rests upon an unindented surface. 
A pointer formed on the spring clip is provided. This is brought 
in register with the inner edge of the last impression and determines 
the nearest position of the next impression without danger of 
overlapping. The chief utility of the device is in ascertaining 
whether the hardness of an article lies between the limits deter- 
mined by that of two standardized test bars. 
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A New Light Matching Pyrometer. ANon. (Scientific Ameri- 
can, vol. cxv, No. 7, August 12, 1916.)—-By comparing the intensi- 
ties of colored light, one of known value and the other of a value 
that is to be determined, a recently developed pyrometer makes pos- 
sible the measuring of the temperature of a heated body either 
within or without a furnace. The new pyrometer, although suffi- 
ciently compact to be carried about in the pocket, duplicates the 
color of heated bodies and at the same time indicates the tempera- 
tures on a calibrated scale with an error limit of one to two per cent. 
In general contour the apparatus is cylindrical, about 2 inches in 
diameter by 8% inches long. 

In operation it is held in the hand, and the body whose tempera- 
ture is to be measured is viewed through a peep-hole near the end. 
Upon pressing a button a small incandescent lamp, supplied with 
current from a battery carried in the case of the pyrometer, throws 
a beam of light which passes through a screen éf varying trans- 
parency and impinges in an inclined mirror that is visible when 
looking through the peep-hole. While the light is turned on, the 
observer manipulates one or the other of two knurled knobs, caus- 
ing a graduated screen to be moved from one roller to another, 
bringing a lighter or darker section over the lamp aperture. When 
the two colors seen through the peep-hole appear to match, a read- 
ing is taken with the light still on. The numbers representing the 
various temperatures form part of the graduated screen and hence 
appear on the mirror. The light intensities as viewed through the 
pyrometer appear as different shades of blue. This color has been 
chosen for the reason that it lends itself well to making exacting 
comparisons between various shades. 


Non-recoil Guns for Aeroplanes. ANon. (Machinery, vol. 22, 
No. 12, August, 1916.)—-The two factors that limit the power of the 
armament for aéroplanes are the force of the recoil and the weight 
of the weapon. In order to overcome these limitations, the non- 
recoil gun has been developed, and its tests have thoroughly demon- 
strated that, regardless of calibre, there is practically no recoil force. 
The absence of recoil is due to the fact that, instead of having the 
gun closed at the breech end, it is left open by substituting a com- 
plete barrel for the usual breech-block, and firing through this barrel 
to the rear a charge of fine shot (equal in weight to the front pro- 
jectile) that quickly scatters and loses its velocity. In this way the 
action and reaction are equal, so that there is no tendency for the 
gun to move in either direction. The powder charge is so arranged 
that it is all in one chamber, and ignition and combustion of the two 
charges are necessarily simultaneous. The elimination of the shock 
of the recoil makes it necessary to consider only the question of 
weight in limiting the size of an aéroplane gun. Many of these 
guns are now being built for foreign governments by the General 
Ordnance Company, Derby, Conn. 


NOTES FROM NELA RESEARCH LABORATORY.* 


THE REVERSAL OF A FADED NEGATIVE AFTER-IMAGE 
BY BRIGHTENING THE STIMULUS FIELD. 


By Leonard T. Troland. 


Ir the stimulus field upon which a negative after-image is pro- 
jected is suddenly darkened, the luminosity contrast between the 
image and its surroundings is greatly enhanced. If, on the other 
hand, the field is brightened, the contrast is diminished, and, un- 
der the right conditions, will be reversed, so that the image be- 
comes positive. The experiments described below were made to 
determine the influence of color and intensity upon this latter 
effect. 


The after-image was produced by fixation of a semicircular 
dD o 


field, 3 1/3 degrees in diameter, on a dark background, for 30 
seconds, at the end of which time the full circle was exposed, 
fixation being maintained on the central point. Three seconds 
later the entire field was dimmed to one-tenth the primary in- 
tensity, and held at this value for 45 seconds, at the end of which 
time the original intensity was restored. At this instant the re- 
versal appeared, if at all. When present, its duration was meas- 


ured. 

Eight spectral colors, at seven different intensities, were em- 
ployed as stimuli. Six trials were made for each setting, and the 
results are shown in the following table. Under P is given the 
num’ :r of times a reversal was seen, under N the number of 
negative contrasts observed. T is the net average duration of 
the positive; i. ¢., the sum of the duration of the positives minus 
the sum of the duration of the negatives, divided by the total 
number of cases. T is not calculated for the shorter wave- 
lengths, on account of the small probability of significance of the 
values for these stimulli. 


*Communicated by the Director. 
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INTENSITY IN PHOTONS. 


Color and wave-length inuy 6.40 16.00 40.00 100.0 250.0 625.0 1560 
Red: 
676.4-7000 
ae 2 6 6 6 6 
N.. 3 oO oO oO oO 
. 0.5 2.9 4.4 13.2 g.1 
Orange: 
614.4-631.0 
Fev I 4 5 5 6 2 
N. 3 oO oO I I Oo 3 
=. 0.13 I.4 1.7 4.0 5.4 6.8 —1.3 
Yellow 
569.2—582.0 
r. I oO 2 I 3 5 6 
N 2 3 2 2 2 I oO 
I 0.0 —-1.0 -—-05 —O.!I 0.5 9.9 12.4 
Yellow-Green: 
534-0-545.0 
FP; I oO oO I 5 6 6 
N.. I I 3 I I oO re) 
se 0.0 —0.2 —0.4 0.2 a3 5-9 5.5 
Green: 
500.5-509.0 
ans oO 3 2 I 2 I I 
ae Oo 2 I I I I 9) 
age 0.0 0.2 0.8 0.2 0.3 —0.03 0.3 
Blue-Green: 
455.4-493-0 
3 I I I I 2 Oo 
oO I I I re) oO 
Blue: 
465.0-485.0 
Pas : . & 3 2 oO I I oO 
a : I I I I I I oO 
Violet: 
424.0-436.7 
Ps 2 I 2 2 2 
N.. 2 oO 2 I I 


[t will be observed that a distinct law governs the appearance 
of the phenomenon; it is present most strongly in the long-wave 
end of the spectrum, and with decrease in the wave-length higher 
and higher intensities are required to bring it out, so that in the 
short-wave end it is practically absent with the intensities here 
employed. 

The writer acted as subject in the above experiment, the ex- 
posures being controlled by an automatic apparatus. The flicker 
photometer was employed for the establishment of intensities. 

Nela Park, Cleveland, Ohio, 

September 7, 1916. 


NOTES FROM THE RESEARCH LABORATORY, EAST- 
MAN KODAK COMPANY.* 


THE EFFECTS OF BRIGHTNESS ON VISION. 
By Dr. P. G. Nutting.+ 
[Abstract] 

THE eye adapts itself readily to a range of brightness from 
about 10° millilamberts (absolute threshold) up to about 50 
lamberts, which is a little brighter than white paper in direct sun- 
light. This adaptation is in the nature of an automatically vary- 
ing sensibility. Numerical data on this variation in sensibility 
have been obtained for the whole range of adaptation and are 
given below. 

The three kinds of sensibility of more interest at any bright- 
ness level are (1) the lowest visible low light (2), the lowest 
perceptible contrast and (3) the highest tolerable highlight or 
Threshold, Discrimination and Glare Sensibility. Our data are 


given in the accompanying table and figure. 


Dicccicianigpiainatdiipanmmmrtiganntiaaing 
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406 FIELD BRHTNESS, B (ML) 
* Communicated by the Director. 
7 Communication No. 38 from the Research Laboratory of the Eastman 
Kodak Company. 
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TABLE—VIsvat SENSITOMETRIC DATA. 


Field Different Discrimina- Threshold Glare Limit 

Brightness Fraction tion Factor Limit ml. 
0.000001 (1.00) 1.0 0.00000093 20.1 
0.00001 (0.66) 1.5 0.0000042 40.7 
0.0001 0.395 2.5 0.000019 89.0 
0.001 0.204 4.5 0.000087 186.0 

0.01 0.07 12.8 0.00039 400.0 

O.1 0.0370 27.0 0.00174 810.0 

I. 

1.0 0.0208 48.2 0.0081 1.66 
10.0 0.0174 57-5 0.036 3.47 
100.0 0.0172 58.1 0.28 7.25 
1,000.0 0.0240 41.7 2.15 14.45 
10,000.0 (0.048 ) (20.9) (232.0) 30.90 


RocHester, N. Y., 
Sept. 21, 1916. 


PROPORTIONAL REDUCERS.* 
By Kenneth Huse and Adolph H. Nietz. 
[Abstract] 

Photographic reducing solutions may be divided into three 
classes: (1) those which attack the highest densities most, (2) 
those which attack the lowest densities most, and (3) those which 
reduce all densities in the same proportion. 

Norman Deck has recently suggested that by the use of a 
mixture of potassium permanganate and ammonium persulphate 
a satisfactory proportional reducer could be obtained, belonging 
to the third class. This has suggested the present investigation 
on reducers generally and especially on the best formula for a 
mixture of potassium permanganate and ammonium persulphate 
to give proportional reduction. 

Sensitometric strips of various plates were exposed, devel- 
oped and reduced in a thermostat under an accurately controlled 
condition, the plates being first developed, fixed, washed and dried 
and then, after measurement, reduced, dried and read again. 
The percentage of the original density removed by reduction from 
each step of exposure was plotted against the logarithm of the 
exposure. The results show that persulphate is the only reducer 
which removes a greater percentage of the higher densities; and 
that all others tried, including some which have been supposed 
to work proportionally, really reduce the lower densities most, 


* Communication No. 39 from the Research Laboratory of the Eastman 
Kodak Company. 
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so that they tend to remove the shadow detail, the reducer having 
the greatest influence in this direction being a solution of ferri- 
cyanide and thiosulphate, which reduces the shorter exposures to 
such an extent that its effect on the curve through the greater 
part of its action is exactly as though less exposure had been given 
to the plate, this reducer being very useful for correcting over- 
exposure, 

After a trial of various proportions of the permanganate and 
persulphate mixture suggested by N. Deck, the following formula 
was adopted as giving the most evenly proportional reduction: 


Sol. A. Potass. Permanganate 
Io per cent. sulphuric acid 
Water 

Sol. B. Ammonium Persulphate 
Water 


Use 1 part of Ato 3 of B. The solutions will keep well and 
should not be mixed until ready for use. The time of reduction 
required will be from one to three minutes, depending on the 


amount desired. Reduction should be followed by immersion for 
five minutes in a one per cent. solution of potassium metabisul- 
phite. The plate should then be washed for a short time. 

In the course of this work it was observed that the result 
obtained depended to a considerable extent upon the nature of 
the emulsion used, even this proportional reducer showing greater 
action on the low densities in the case of a slow, fine-grained 
plate. 

RocHester, N. Y., 
SEPT. 19, 1916. 


Sources of Nitrogen Compounds in the United States. C. G. 
GILBERT. (Proceedings of the Smithsonian Institution, June 30, 
1916,)—Nitrogenous compounds are essential not only to self-de- 
fense but to the country’s capacity for self-support, and to be effec- 
tive the source must be such that the product may be adaptable to 
meet their requirement. The arc method of producing nitrogen 
compounds has not thus far demonstrated capacity to meet the agri- 
cultural requirement at all or even the defense requirement effi- 
ciently. Definite knowledge concerning the Haber process is lack- 
ing, but its record of achievement is against it, and it would seem, 
moreover, unsuited to American conditions, at least in the present 
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state of its development. The cyanamide process is capable of a 
development which will meet the requirements for a cheapened 
nitrogenous fertilizer source whose form of nitrogen content is 
readily convertible to nitric acid. The process is already a promi- 
nent factor in the economic well-being of most countries of older 
civilization, and is capable of similar extension in the United States. 

By-product coking operations afford a source of nitrogenous 
compounds netting the country an annual production at the rate of 
over 200,000 tons of ammonium sulphate now, and due to raise this 
total to about 400,000 tons with the completion of the ovens now 
building. A total of about 700,000 tons would be possible if all 
coking were of by-product nature, and this total should be attained 
within the next few years. No practicable means for its oxida- 
tion to nitric acid have yet been found in this country. By-product 
ammonia constitutes the country’s one actual asset in the form of 
nitrogenous compounds. It has a rapidly growing yield of very 
great importance in itself, but of even greater importance as a factor 
contributing largely to the commercial possibilities of a number of 
industrial lines, especially that of coal products. The country can- 
not afford to run any risk of checking development along these lines. 
The evolution of a practicable process for the oxidation of by- 
product ammonia to render present resources available, with the 
development of an atmospheric nitrogen fixation output by the 
cyanamide process carefully timed to meet growing demands follow- 
ing a reduction in the retail price of nitrogenous fertilizer, would 
appear to be the desirable governmental procedure as being the one 
least liable to disastrous consequences. 


A Sensitive Magnetometer. P.E.SHAwandC. Hayes. (Pro- 
cedings of the Physical Society of London, vol. xxviii, part v, 
August 15, 1916.)—A torsion balance of extreme delicacy carries a 
pair of purest silver balls, each 3 grains weight. A solenoid with 
horizontal axis passing through one of the silver balls is brought 
close to the balance. On exciting the solenoid, divergent fields of 
known strength are obtained in the region of the ball. The resulting 
attraction of the ball to the solenoid is shown by a mirror reflecting a 
distant scale to a telescope. The couple on the torsion beam required 
to produce 1 millimetre scale deflection is 4.5 107 dyne-centi- 
meters, and this torsion balance is 10° times as sensitive as any 
known to have been used previously in this kind of work. 

The results of these experiments are: (1) The magnetic proper- 
ties of silver are ascertained even for weak fields of 1 to 10 gausses. 
(2) The silver has a pronounced retentivity, this effect being pre- 
sumably due to the small trace of iron impurity. (3) The relation 
of susceptibility of the silver to the field used is found. The sus- 
ceptibility of each of the constituent materials, pure silver and 
residual pure iron, appears to be greatly modified by the presence of 
other material. 


NOTES FROM THE RESEARCH LABORATORY, GEN- 
ERAL ELECTRIC COMPANY.* 


THE PLIOTRON OSCILLATOR FOR EXTREME FREQUENCIES. 
By William C. White. * 


The physical construction of the pliotron and its operation in 
various arrangements of circuits are described in detail with 
cuts. The connections for the production of frequencies as low 
as ¥2 cycle per second and as high as 50 million are shown by 
diagram and discussed. This latter frequency corresponds to a 
wave-length of 6 meters. The electrical conditions and methods 
for their measurement in such circuits are given. 


THE LAW OF ABSORPTION OF X-RAYS AT 
HIGH FREQUENCIES. 


By Albert W. Hull and Marion Rice.’ 


Measurements on “ white” radiation from a tungsten target 
dispersed by a rock salt crystal, made by means of the ionization 
chamber, confirmed for copper and aluminum, the validity at 
even these short wave-lengths, of the law that the coefficient 
of absorption of metals varies approximately as the cube of the 
wave-lengths, except in the immediate vicinity of one of the 


wave-lengths characteristic of the metal. For lead the absorption 
of wave-lengths longer than 0.149 A. U. obeys the law, but below 
this wave-length excitation of the K fluorescent radiation begins. 


Calculation of the “corrected absorption coefficient’ or 
‘transformation coefficient ” shows that it is, for all substances 
and wave-lengths yet investigated, equal to a constant, peculiar 
to the substance, times the cube of the wave-length, over the 
entire range between absorption bands. 

A table of the observed and calculated values for the mass 
absorption coefficients of aluminum, copper and lead at various 
wave-lengths from 0.392 to 0.122 A. U. is given. 

* Communicated by the Director.. 

"General Electric Review, 19, 771-5, Sept., 1916. 

* Physical Review, 8, 326-8 (Sept., 1016). 
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The “ Kick” of the Gun. E. C. Crossman. (Jnfantry Journal, 
vol. xiii, No. 1, July-August, 1916.)—Not the most pleasant part of 
shooting a military rifle is the vicious backward drive of the steel- 
shod butt against the muscles of the shoulder when the trigger is 
pressed. Experiments at the American School of Musketry at 
Monterey demonstrated that the limit of endurance under normal 
conditions lay at about three hundred rounds a day. From every 
standpoint—recoil, weight of ammunition, weight of rifle, and cost 
of ammunition—the smaller calibres than the present 0.30 of the 
American service are being proved desirable. 

The “ kick ” of a rifle is purely a matter of the equal reaction of 
powder gases upon the bullet and the breech-closing mechanism. The 
final blast of the gases of the explosion against the comparatively 
solid body of air aids in the backward thrust of the rifle. In the 
American service, the formula for obtaining the backward speed of 
the rifle is as follows: 

vW = Vw+4700 W! 
where v is the recoil velocity and V the muzzle velocity of the 
bullet in foot-seconds, and w the weight of the bullet, WV ?* the 
weight of powder, and W the weight of the rifle, in grains. The 
American service rifle has a recoil velocity of 10.2 feet per second, 
which gives a recoil energy of 14.6 foot-pounds. While a grown 
man, husky and inured to hardships, is sensitive to the recoil of the 
service rifle, and while about three hundred rounds is the limit for 
a day’s firing, strangely enough the recoil in foot-pounds of the 
12-bore shotgun and the normal trapshooting cartridge is nearly 
double that of the rifle and is taken without a murmur by the 
thousands of trapshooters about the country. Evidently the position 
has most to do with the difference in the discomfort from the recoil 
of the two arms; the shotgun is fired with the muscles tensed and 
body moving—in other words, the shock is taken by the set of tensed 
springs ; the rifle is fired with the muscles relaxed, fired deliberately. 
The shotgun has also a straighter stock, thus bringing the line of 
resistance nearer to the direction of recoil. 

The noise of the military rifle, particularly the American 24-inch 
barrel Springfield, is very violent. The Maxim silencer has much 
effect in reducing the recoil, the theory being that the gases imping- 
ing on the disks of the cylinder actually drag up the rifle and help 
to resist the backward thrust of powder gases within the bore, as 
well as to eliminate the position of the recoil caused by the gases 
impinging on the resisting air at the muzzle. So the silencer works 
in two ways—in one by cutting down the weight of the thrust, in the 
other by relieving the nervous system of the shock from the report, 
which is actually painful to some ears. The fact that military 
authorities dislike to take up a rifle and cartridge giving more than 
15 foot-pounds recoil energy, and the fact that lightening both 
rifle and ammunition is urgently needed, both go to show that the 
next change in our rifle should be toward a still smaller calibre than 
the o.30—either the 0.25 or the 0.23. 


NOTES FROM THE PHYSICAL LABORATORY OF THE 
UNITED GAS IMPROVEMENT COMPANY * 


LIPPMANN FILMS AS MEANS FOR SECURING MONOCHRO- 
MATIC LIGHT IN PHOTOMETRY AND OPTICAL PYROMETRY. 
By Herbert E. Ives. 

SOME years ago the writer found that Lippmann color photo- 
graphs of monochromatic light could be prepared in such a way 
as to make the light reflected from them of a high degree of purity 
The special features of the procedure consisted in development 
with a developer which would act throughout the depth of the 
film and subsequent bleaching of the film by mercuric chloride. 

The special Lippmann photographs reflect a portion of the 
spectrum so narrow as to appear like a line when examined by a 
small spectroscope. When the angle of observation is changed 
the wave-length of the reflected light shifts, moving further 
toward the blue the greater the angle. 

The present work consists in the use of these sources of mono- 
chromatic light, first, as a means of carrying out Crova’s method 
of color-difference photometry, second, as a substitute for the 
spectroscope or colored glass in the optical pyrometer. 

In Crova’s method of color-difference photometry the photo- 
metric field is observed by monochromatic light of a selected 
wave length for which the intensity of the two illuminants under 
comparison is as their total luminous intensity. This wave-length 
varies slightly with the light sources measured, so that no single 
color screen or other device giving a fixed wave-length is entirely 
adequate. In using the Lippmann film for this purpose a special 
eye-piece carrying the film permits this to be rotated to the correct 
wave-length, thereby meeting the requirements for both mono- 
chromatic light and for a small range of variability of wave- 
length according to the illuminants compared. 

For optical pyrometry the Lippmann film offers a simple sub- 
stitute for colored glasses giving light as monochromatic as does 
the usual spectroscope as employed for this purpose. 

“Communicated by the chief Physicist. 

‘An Experimental Study of the Lippmann Color Photograph,” Ives, 
Astrophysical Journal, June, 1908, p. 325. 

*“ The Application of Crova’s Method of Colored Light Photometry to 
Modern Incandescent Illuminants,” Ives and Kingsbury. Trans. J//um. Engr. 
Soc., November, 1915, p. 716. 
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THE LUMINOUS EFFICIENCY OF THE RADIATION 
OF THE ELECTRIC ARC. 
By Enoch Karrer. 

THe work described in this paper is a completion of the work 
described in a previous paper on the luminous efficiency of the 
radiation of the ordinary light sources. (Physical Review, Vol. 
V, No. 3, March 1915, p. 189). 

In the former the ordinary gas and electric light sources were 
studied. In the present work the electric arcs are the subject ot 
study. 

The luminous efficiency of the radiation is the fractional 
part of the total radiation that passes through an absorbing solu- 
tion whose spectral transmission curve is identical with the lumi- 
nosity curve of the eye. 

Proper correction must be made for the absorption by the 
liquid of the radiation at the wave-length of maximum trans- 
mission. 

Due to the fluctuations in the are the method previously em- 
ployed is not satisfactory. 

By means of two thermopiles the total radiation and the 
radiation after passing through the solution may be measured 
approximately simultaneously. 

The solution employed is not the one employed previously. 
The cell is one described in detail by Ives and Kingsbury (Phys. 
Rev. Nov. 1915, p. 319). It consists of a tank 1 cm. thick 
containing a solution of Copper Chloride, Potassium Chromate 
and Cobalt Ammonia Sulphate, together with a water tank 2.5 
em. thick to absorb all infra-red radiation. 

Some of the values given for the luminous efficiency are as 
follows: 


Per cent 


For the ordinary D.C. 110 volt solid carbon arc from 0.34 to 0.97 
For luminous yellow flame D. C. cored carbons....... 4.9 to 7.1 
For luminous yellow flame arc A. C. : 4.1 to 8.3 
For yellow flame, homogeneous carbons, A. C. 11.5 to 22.5 
For white flame, homogeneous carbons, A. C. 6.8 to 7.4 
For yellow flame, homogeneous carbons, D. C. 18.4 to 19.3 
For white flames, homogeneous carbons, D. C. inv. See Ttetae 
For magnetite arc es he 5.1 to 7.4 


All of the measurements were made in a horizontal direction 
from the arcs. 
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AN IMPROVED VISUAL ACUITY TEST OBJECT. 


By Herbert E. Ives. 

THe visual acuity test object described by the writer some 
time ago, and since employed in various pieces of research in 
physiological optics, consists of two superposed opaque line trans- 
mission gratings on glass. The spacing of the ruled lines is so fine 
that they are not separately visible at the appropriate working dis- 
tance, but when the gratings are rotated with respect to each other 
about an axis perpendicular to their faces, parallel dark bands 
are seen, whose distance apart varies continuously with the angle 

\f rotation. The angular separation of the bands when just visible 
is a direct measure of visual acuity. 

The apparatus has recently been improved by the use of cross- 
line in place of single-line gratings. By this means the pattern, 
instead of being parallel bands, is made up of squares which 
expand or contract as the gratings are turned. 

As the apparatus is constructed one cross-line grating is fixed 
in place, and either a single-line or cross-line grating may be used 
at will opposite to it, so that either parallel bands or squares are 
obtainable. The scale on which the angle of rotation of the grat- 
ings is read is divided to read directly in Snellen acuity units, 


in place of the clumsy fractions used by ophthalmologists as a con- 
sequence of the limitations of the alphabetical test charts. 


THE THEORY OF TEMPERATURE MEASUREMENT BY 
THERMOCOUPLES OF GRADUATED SIZE. 


By E. F. Kingsbury. 

DURING the investigation of the temperatures assumed in a 
flame by mantles of various compositions, the author has made 
extensive use of Herzeus platinum-platinum-rhodium couples of 
four different sizes. All is well known, when these are placed 
against the mantle they will assume different temperatures, de- 
pending upon their size, and when their diameters are plotted 
against the temperatures as abscissz a continuous. curve concave 
upward is obtained which, when extended to zero diameter, gives 
a limiting temperature to the mantle wall. Consistent results 
have been obtained yielding many smooth curves. 

‘“ A Visual Acuity Test Object,” Ives, Electrical lV orld, April, 14, 1910, 
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An explanation of the shape of these curves has been sought, 
assuming the couple and mantle surrounded by a film of gas 
through which the heat is conducted. An expression has been 
obtained that gives the shapes of these curves as obtained experi- 
mentally. It has been of assistance in showing the shape of the 
curves from zero to the smallest diameter. 

The theory has also been extended to cover the temperatures 
assumed by mantles of various emissive powers when placed in a 
flame of known temperature. Here it has been assumed that the 
mantle is heated in much the same manner, except that outside 
the mantle the flame has been cooled in many cases at least nearly 
to the mantle temperature. This wall of flame protects the mantle 
from convected and conducted heat losses. The radiation effici- 
ency calculated for the higher temperature mantles agrees with 
that actually measured experimentally. It has been found that the 
total emission per unit area per steradian is nearly a linear func- 
tion of the temperature assumed in a flame. The theory in the 
light of the experimental curve is interesting as helping to explain 
the mechanism of a flame heating a mantle placed in it. 


VISUAL DIFFUSIVITY. 
By Herbert E. Ives. 


In developing a theory to account for the behavior of the 
eye toward intermittent stimuli, the writer was led to postulate 
for visual mechanism a coefficient of diffusivity,’ similar to 
the coefficient which holds for heat, electrical and all other forms 
of conduction through matter. By virtue of this finite diffus- 
ivity intermittent stimuli are greatly smoothed out before reaching 
the brain. From the phenomena of flicker it was deduced that this 
visual diffusivity must vary as the logarithm of the intensity of 
the stimulus and at a different rate for different colors. 

The present study deals with a much simpler case than that 
of intermittent stimuli, namely that of single flashes of light. The 
physical illustration is that of instantaneously applied heat 
sources, a case which has been completely handled mathematically. 
According to this treatment it follows that if two simultaneously 
applied stimuli are transmitted by media of different diffusivity 


*“ Theory of the Flicker Photometer,” Ives and Kingsbury, Philosophical 
Magazine, November, 1914, p. 708, April, 1916, p. 290. 
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they will be transmitted at different speeds. In the case of light 
this would mean that two differently colored simultaneous flashes, 
for instance red and blue, would be seen as occuring one after the 
other. 

This idea was tested by means of red and blue glasses carried 
radially on a slowly rotating disc. It was found that the theory was 
very strikingly borne out, the blue image lagging after the red. 
The amount of this lag varies with the brightness as it should 
according to the theory. 

On this theory the positive after-image is not a recurrent 
image, but the record as given by the retinal rods, delayed in 
transmission by the low diffusivity characteristic of this kind of 
vision. 


A POLARIZATION FLICKER PHOTOMETER. 
By Herbert E. Ives. 


ONE of the most essential features of the flicker photometer 
is entire absence of mechanical flicker, as caused by the dividing 
edge between the two fields which are alternated. For this reason 
some means of eliminating this edge has long been desired. 

From another standpoint, that of the theoretical treatment of 
flickering light, it is highly desirable to have an instrument in 
which the transition from one light to the other occurs according 
to some simple mathematical relation. The simplest relation is 
the sine curve, on which basis the theory of the flicker photometer 
has been handled by the writer and Mr. Kingsbury.2 

The polarization flicker photometer recently constructed 
meets both these demands completely. It consists of a double 
image prism (Rochon or Wollaston prism), combined with a 
rotating Nicol prism. The double image prism forms two images 
of each half of the photometer field, one image being polarized in 
the horizontal, the other in the vertical plane. The horizon- 
tally polarized image of one field is superposed on the vertically 
polarized image of the other. On observing through the rotating 
Nicol prism, these two fields dissolve one into the other, following 
exactly the sine curve relation used in the theoretical work quoted. 

Measurements have been made with this new photometer on 
the critical speeds for disappearance of flicker for various ratios of 


*“The Theory of the Flicker Photometer,” Ives and Kingsbury, Philo- 
sophical Magazine, November, 1914, p. 708, April, 1916, p. 2090. 
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brightness of the two fields. The results are in complete agree- 
ment with the previously developed theory, accurate confirmation 
of which had not been found possible with the ordinary type of 
flicker photometer. 


MEASUREMENTS OF BRIGHTNESS-DIFFERENCE PERCEP- 
TION AND HUE-DIFFERENCE PERCEPTION BY STEADY 
AND INTERMITTENT VISION. 

By Herbert E. Ives. 

[In the theory of the flicker photometer as developed by the 
writer and Mr. Kingsbury } there figure two fractions, the bright- 
ness discrimination fraction, and the hue discrimination fraction. 
The former conditions the critical speed when two unequal fields 
of the same color are alternated, the latter when two equally bright 
fields of different color are alternated. These fractions are the 
least fractional parts appreciable by the ultimate receiving appara- 
tus of the eye (presumably the brain), for successive impressions 
over the same path, and are neither susceptible of direct measure- 
ment. They can, however, be solved for from the equations of 
the theory, provided experimental constants can be obtained for 
stimuli following the simple sine curve variation of intensity which 
alone is susceptible of mathematical treatment. 

The new polarization flicker photometer (see previous note) 
provides just such data, and has made possible the determination 
of the numerical values of these constants, and, what is more 
important, their relative values as compared to the same quantities 
for steady observation. 

The value of the ultimate brightness discrimination fraction 
for intermittent light is found to be of the order of magnitude of 
one-fiftieth of one per cent. The hue discrimination fraction is of 
course dependent on the size of the color difference worked with. 
A complete determination of brightness and hue discrimination 
fractions, both steady and intermittent, for a certain large color 
difference, shows that the ratio of hue fraction to brightness 
fraction is about ten times larger for intermittent than for steady 
vision. Herein lies the reason for the success of the flicker pho- 
tometer, for if these fractions maintained their steady relationship. 
the flicker photometer would have to be run at such speed, in order 
to eliminate color flicker, that no sensibility would be left. 


*“ Theory of the Flicker Photometer,” Ives and Kingsbury, Philosophical 
Magazine, November, 1915, p. 708, April, 1916, p. 290. 
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THE FRANKLIN INSTITUTE 


COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of the Stated Meeting held Wednesday, 
September 6, 1916.) 


HALt oF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 6, 1916. 
Mr. CuHartes E, Bonine in the Chair. 
The following reports were presented for first reading: 
No. 2675.—Sharples Super-Centrifuge. 
No. 2676.—Eldred Electric Lamp Leading-in Wire. 
The following report was presented for final action: 
No. 2635.—Northrup’s Electric Furnace and High Temperature Inves- 
tigations. Elliott Cresson Medal to Dr. Edwin Fitch 
Northrup, of Princeton, N. J., adopted. 
R. B. Owens, 
Secretary. 


MEMBERSHIP NOTES. 


ELECTIONS TO MEMBERSHIP. 


(Stated Meeting, Board of Managers, September 13, 1916.) 


RESIDENT. 


H. M. Extxiot, Delong Hook and Eye Company, Station “J,” Philadel- 
phia, Pa. 
. Joun Cooper Lyncn, General Superintendent of Traffic, The Bell Tele- 
phone Company, 1631 Arch St. Philadelphia, Pa. 

PAUL Straus, Chemist, Lehigh Ave. and Edgemont St., Philadelphia, Pa. 


NON-RESIDENT. 


WittiAm H. Craco, Civil Engineer, Room 3525, 120 Broadway, New 
York City, N. Y. 
\trrep B. Hircnins, Research Chemist, in care of Ansco Company, 
Binghamton, N. Y. 
. WALTER G. Rovanp, Brick Manufacturer, Oaks, Montgomery County, Pa. 
FREDERICK H. WAGNER, JR., Rogers Ave. and Pimlico Road, Station “ E,” 
Baltimore, Md. 
. Leo WALLERSTEIN, Chemist, 171 Madison Ave., New York City, N. Y. 
NorMAN T. Wuitaker, Patent Lawyer, 22 Legal Building, Washington, 
BD. <2 
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NECROLOGY. 


Eckley Brinton Coxe, Jr., was born in 1873 and died on September 20, 
1916. He was graduated from the University of Pennsylvania in 1893. 

Mr. Coxe was greatly interested in archeology and financed several expe- 
ditions to Egypt during the past ten years. 

He was a member of numerous social organizations and clubs. He was 
elected to membership in The Franklin Institute on September 13, 1890. 


Mr. Lightner Henderson, 1515 Monroe Building, Chicago, III. 
Mr. Thomas G. Hunter, 134 Poplar Ave., Wayne, Pa. 
Mr. Mathias Pfatischer, 314 E. 3rd Ave., Roselle, N. J. 


LIBRARY NOTES. 
PURCHASES. 


FLEMING, J. A——Elementary Manual of Radiotelegraphy and Radiotelephony. 
IQI0. 

[nternational Master Boiler Makers’ Association, Proceedings. 1916. 

Martin, G., Smitu, S., and Mitsom, F.—The Salt and Alkali Industry. 1916. 

Moody's Manual of Railroad and Corporation Securities, vol. 17, Part 1, Rail- 
road Section. Part 2, Industrial and Public Utilities Section. 1916. 

MULLIKEN, S. P.—Method for the Identification of Pure Organic Compounds 
by a Systematic Analytical Procedure Based on Physical Properties and 
Chemical Reactions. Vol. 2. 1916. 


NEWELL, F. H., and Drayer, C. E., ed—Engineering as a Career. 1916. 
SupiIno, Grorcio.—Land and Marine Diesel Engines. 1915. 
GIFTS. 


American Institute of Metals, Transactions, vol. ix, 1915. Buffalo, 1916. 
(From the Institute.) 

British Association for the Advancement of Science, Report of the Eighty- 
fifth Meeting, 1915. London, 1916. (From the Association.) 

British Columbia Minister of Mines, Annual Report, 1915. Victoria, 1916. 
(From the Minister of Mines.) 

Buffalo, Rochester and Pittsburgh Railway Company, Thirty-first Annual 
Report, 1916. New York, 1916. (From the Company.) 

Cambridge Water Board, Annual Report, April 1, 1914, to April 1, 1915. 
Cambridge, no date. (From the Board.) 

Canadian Pacific Railway Company, Annual Report for the year ended June 30, 
1916. Montreal, 1916. (From the Company.) 

Commissioner of Patents, Annual Report, 1915. Washington, 1916. (From 
the Commissioner.) 

Consolidated Gas Electric Light and Power Company of Baltimore, American 
Gas Centenary, 1816-1916. Baltimore, 1916. (From the Company.) 
General Fireproofing Company, The Waterproofing Hand-Book, 1915, second 

edition. Youngstown, Ohio, 1915. (From the Company.) 
Grand Rapids Public Library, Forty-fifth Annual Report, April 1, 1915, March 
31, 1916. Grand Rapids, 1916. (From the Library.) 
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Haverhill Public Library, Forty-first Annual Report, 1915. Haverhill, Mass., 
1916. (From the Library.) 

Institute of Metals, The Journal, vol. xv, No. 1, 1916. London, 1916. (From 
the Institute.) 

Institution of Civil Engineers, Minutes of Proceedings, vol. cci. 1915-1916. 
Part I. London, 1916. (From the Institution.) 

Metropolitan Water and Sewerage Board, Fifteenth Annual Report, 1915. 
Boston, 1916. (From the Board.) 

Michigan Department of Labor, Thirty-third Annual Report. Lansing, 1916. 
(From the Department. ) 

Montana State School of Mines, Fourteenth Annual Catalogue of Officers 
and Students, 1915-1916. Butte, 1916. (From the School.) 

Nebraska State Railway Commission, Eighth Annual Report, 1915. Lincoln, 
1915. (From the Commission.) 

New Mexico State School of Mines, Annual Register, 1915-1916, Announce- 
ments 1916-1917. Socorro, 1916. (From the School.) 

New York State Department of Health, Thirty-fifth Annual Report, 1914, 
volumes i and ii. Albany, 1916. (From the Department.) 

Pennsylvania Auditor General, Report, 1914. Harrisburg, 1916. (From the 
State Librarian.) 

Pennsylvania Commissioner of Health, Eighth Annual Report, 1913, Parts I 
and II. Harrisburg, 1915. (From the State Librarian.) 

Pennsylvania Department of Internal Affairs, Annual Report of the Bureau 
of Railways, 1915, Part IV. Harrisburg, 1916. (From the State 
Librarian. ) 

Powell, William, Company, Catalogue No. 10. Second Edition. Cincinnati, 
Ohio, 1911. (From the Company.) 

Prest-O-Lite Company, Inc., Instruction Book on Oxy-Acetylene Welding 
and Cutting, Fourth Edition. Indianapolis, no date. (From the Com- 
pany. ) 

Rio De Janeiro Museu Nacional, Archivos, vol. xix. Rio de Janeiro, 1916. 
(From the Museum.) 

Salt Lake City Public Library, Annual Report, 1915. Salt Lake City, 1916. 
(From the Library.) 

Smoke Prevention Association, Proceedings of the Tienth Annual Conven- 
tion, 1915. Chicago, no date. (From the Association.) 

Svenska Teknologforeningen, Ledamotsforteckning, July, 1916. Stockholm, 
Sweden, 1916. (From the Society.) 

Tasmania Department of Mines, Geological Survey Bulletin No. 21, The 
South Heemskirk Tin Field, with maps and sections. Hobart, 1916. 
(From the Department.) 

Taylor Instrument Companies, The H. & M. Division, Catalogues covering 
thermometers and temperature regulators. Rochester, N. Y. 1911-1916. 
(From the Company.) 

University of Illinois, Illinois State Water Survey No. 12. Urbana, 1916. 
(From the University.) 

University of South Carolina, Catalogue 1915-1916. Columbia, 1916. (From 
the University.) 
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BOOK NOTICES. 


) MECHANICAL TECHNOLOGY : Being a Treatise on the Materials and Preparatory 
| Processes of the Mechanical Industries, by G. F. Charnock, M. Inst. C. E., 
| M. Inst. Mech. E., Professor of Engineering, City of Bradford (Eng.) 
; Technical College, 635 pages, illustrations, plates, tables, 8vo. New York, 
D. Van Nostrand, 1915. Price, $3.00. 


This is a comprehensive text-book of 635 pages and 503 excellent illus- 
trations, with complete Index of 13 pages and a list of books of reference. 

The author modestly states in his preface: “It is hoped that the present 
work may form a useful guide for beginners and those with limited time at 
their disposal, enabling them to acquire some knowledge of the leading features 
of the work referred to.” 


A careful examination enables the reviewer to say that this hope is more 
than realized and the book is worthy of a place in any technical library. 
Part I covers: Production and Properties of the Chief Materials of Construc- 
tion, viz.: Iron and Steel, Bessemer and Open Hearth Processes, Regenerative 
Furnaces, Gas Producers, Structure of Alloys, “Special” or Alloy Steels, 
H Heat Treatment, Non-ferrous Metals, Properties and Uses of the Principal 
Varieties of Timber, Stone, Leather, Oils, etc., and Methods of Testing. 
Part II.—Production of Castings of Iron and Steel, Defects and Remedies, 
Foundry Mixtures and Analyses, Die Castings, etc. 
Part II].—Forging and Stamping. Production of Parts by Rolling, Wire 
Drawing, Manufacture of Tubes, Extrusion Processes, Manipulation of Sheet 
Metals by Flanging, Dishing, Drawing, Embossing, Coining, etc. 


q It is, of course, impossible in a book of this size, covering so many and 
+. diverse operations, to give many details that are more or less familiar to daily 
workers in metals, but, so far from this observation being in the nature of 
adverse criticism, the reviewer desires to express appreciation of the skill 
; which has been shown throughout in balancing all parts of the work, avoiding 


skimping of necessary or important features, on the one hand, or redundancy 
on the other. 

Naturally European practise is more thoroughly treated than American 
methods which differ in some respects, notably in foundry practise. 

The paper and type, clearness of half-tone cuts and diagrams, with fine 


binding of the book, so that it remains open at any page, when laid flat upon 
i a table, are all minor features worthy of commendation. 
i In a word this work is creditable alike to the author and publisher and 
f will prove useful to the student and practical worker in metals. 
i : A. E. Ourersrince, Jr 
Tue Science oF Musicat Sounps, by Dayton Clarence Miller, D.Sc., Pro- 
i fessor of Physics, Case School of Applied Science. 286 pages, illustra- 
# i tions, plates, 8vo. New York, The Macmillan Company, 1916. Price, $2.50. 
t 
iy There have been many works on sound since the classical writings of 
i Koenig, Rayleigh, and von Helmholtz, but none of the writers have made 
i so exhaustive a study of sound as applied to music as has Professor Miller. 
k 
if 
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This work is based upon a series of eight lectures given at the Lowell 
Institute in 1914 under the title of “Sound Analysis,” such changes being 
made as are required for presenting the subject to a reader instead of to 
an auditor. 

Mathematical physicists, like von Helmholtz and Rayleigh, have found 
in the simple harmonic motions of the air in sound-waves a rich field for 
investigation and for the development of the formule descriptive of such 
motion. 

Experimental physicists, like Koenig, have been able to apply their man- 
ipulative skill to the analysis of the formule and to determine their applica- 
bility to the characteristics of sound-waves. 

It is an interesting fact that the early workers in the analysis of sound- 
waves expressed the results of their work in curves and their formule, 
and that these were directly applicable to the study of alternating currents 
of electricity, so that the early workers in the newer science found the 
principles governing it already investigated and formulated. 

In order to make a record of the complicated vibrations that may be in- 
cluded in a musical tone, instruments of extreme delicacy must be used, 
and Professor Miller possesses that marvellous combination of inventive 
ability and mechanical skill that is necessary in devising such instruments 
and in compelling them to perform their function when built. 

What is required in the study of sound-waves is an instrument that can 
respond to minute vibrations of great rapidity and that is capable of magni- 
fying their amplitudes to any required extent. 

Such an instrument is Professor Miller’s Phonodeik, which responds to 
10,000 complete vibrations, or 20,000 swings, per second and is capable of 
throwing the reflected beam of an arc light either upon a photographic plate 
for a permanent record, or upon a screen for showing to an audience. The 
vibrating beam alone gives a single line of light, but by combining with it 
a uniform progressive motion any wave-form, from the simple sine curve 
of a tuning-fork to the complicated curves obtained when a group of voices 
are singing, can be traced. The beauty and striking character of these 
curves can only be appreciated by seeing them flash across the screen in 
one of Professor Miller's lectures. 

Other instruments of great precision used in the study of sound are the 
harmonic analyzer and the harmonic synthesizer. These are used in the 
mechanical proof of Fourier’s Theorem, which is to the effect that any 
curve, having a wave-length /, can always be reproduced by combining the 
proper number of simple harmonic curves, each having a wave-length that 
is an aliquot part of J. 

Any wave, after having been photographed by the phonodeik, may be 
analyzed by the harmonic analyzer, and when its component waves are thus 
found they can be recombined by the harmonic synthesizer and the original 
wave-form reproduced. An example of the accuracy of the reproduced 
curve is shown on page 127, where the synthesized curve is drawn over the 
original curve, thus showing how nearly exact is the reproduction. 

Professor Miller’s interest in the musical quality of sounds led him to 
make two flutes, one of silver and one of gold, for the purpose of studying 
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the difference in the quality of the tone produced. His analyses prove that 
the “tone from the gold flute is mellower and richer” than that from flutes 
of other materials, this being due to the existence of a longer and louder 
series of partial tones. His studies also prove that two organ pipes of the 
same internal dimensions will differ in pitch, depending upon their material. 

Having technical skill, both as a physicist and as a musician, Professor 
Miller believes that there is a possibility of securing greater artistic effects 
in the mechanical production of music. 

What is needed to secure this result is a closer codrdination between the 
artistic production of musical sounds and their mechanical analysis. 

No one with an appreciation of the physical sciences can read this book 
without interest: to the lover of music it reveals a vision of the intimate 
relation of music to the physical principles upon which it is based. What 
Professor Miller thinks of the latter can be seen by quoting his closing 
sentence, “No other art than music, through any sense, can so transport 
one’s wholé consciousness with such exalted and noble emotions.” 

Georce A. HoanLey. 
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office of Public Roads and Rural Engineering. 22 pages, illustrations, 
plates, 8vo. Washington, Government Printing Office, 1916. 
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Mill Construction. C. E. Paut. (Engineering Bulletin, 
National Lumber Manufacturers’ Association, No. 2, May, 1916.)— 
The term “ mill construction” as commonly used is the name given 
to that type of building construction in which the interior framing 
and floors are of timber, arranged in heavy, solid masses and flat, 
smooth surfaces, so as to expose the least number of corners and 
to avoid concealed spaces which may not be reached readily in case 
of fire. A broader interpretation of the term includes the meaning 
given above, and adds the specification that fire shall pass as slowly 
as possible from one part of the structure to another. This means 
that each floor shall be separated from all others by incombustible 
walls or partitions, and by doors or hatchways which will close 
automatically in case of fire near them. Stairways, belt passages, 
and elevator shafts are encased or, preferably, located in fireproof 
towers. Openings in floors for passage of belts, etc., are either 
avoided or fully protected against passage of fire or water. The 
proper installation of an approved automatic sprinkler is of great 
importance. Ceilings in rooms where highly inflammable stocks are 
kept or where hazardous processes are followed should be protected 
by the use of fire-retardent material, such as plastering lead on wire 
lath or expanded metal. The ceiling should follow the lines of the 
timbers without an air-space between the two surfaces. 

The “mill construction” type of building originated in the 
cotton and woollen mills of New England in the early days of that 
industry. Instances of buildings of the mill construction type are 
found in the early part of the nineteenth century, but no great 
prominence was given to this particular type of structure until the 
owners of a large number of these mills formed an organization, 
about the year 1835, for the mutual protection of their property 
from damage by fire. An instance of the durability of timber in 
properly built mill construction buildings is shown in the Warner 
mill in Newburyport, Mass. In this building heavy timber girders 
45 feet long and spanning three bays have carried their load since 
the early fifties without signs of failure, and are said to be in as 
good condition to-day as when first installed. 


Photographic Negatives upon an Opaque Support. ANon. 
(Revue Scientifique, vol. 54, No. 15, August 5, 1916.)—From time 
to time various efforts have been made to manufacture photographic 
plates with a support of paper of very uniform texture, with 
the object of reducing the cost and other objections of the usual 
glass or celluloid carrier. The insufficient regularity of texture 
and transparency of paper have so far, however, défeated the 
efforts of manufacturers to introduce paper for this purpose. A 
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method of overcoming this objection, proposed by F. Larajolli, 
consists in making the print, not by transmitted light, but by reflected 
light. The emulsion is supported upon a fairly heavy white paper, 
the back of which is coated with an opaque color. Halation is thus 
entirely avoided, while the white surface constitutes an efficient 
reflector. These “ plates” are mounted and exposed in the camera 
in the same manner as the “ film-pack.’’ Development is controlled 
in the same manner as that employed with other papers in which 
the image is produced by the action of a developer. A _ special 
apparatus somewhat like the common type of enlarging camera is 
employed for printing, arranged with a source of illumination like 
that employed in lanterns for projecting opaque objects. The cost 
of such paper plates is said to be one-half that of glass plates and 
from one-third to one-quarter of celluloid films. 


Deep Wells That Feel the Sea. Anon. (Ul. S. Geological! 
Survey Press Bulletin, No. 284, August, 1916.)—In their inves- 
tigation of the underground water resources of the Coastal Plain 
of Virginia the geologists of the United States Geological Survey 
have collected data relating to the many hundreds of artesian wells 
that yield excellent waters in large areas of the coastal region. 
Particular note has been made of the quantity and quality of the 
supply afforded by wells that give flows at the surface. The 
water of most of these wells is admirably adapted to household 
uses, though that of some of them contains enough mineral salts 
in solution to make trouble in boilers used for steam production. 

The variation in flow exhibited by these wells with the rise and 
fall of the tide is of peculiar interest, the flow being notably greater 
at the flood than at the ebb tide. It is the general opinion among 
well drillers that practically all flowing wells near tidal rivers or 
inlets from open bays do feel the distant sea, but some of them 
so slightly that the variation in flow is not noticeable. 

The geologist in charge of the ground-water investigations in 
Virginia states that changes in water level in wells, due to ftluctua- 
tions in the height of the surface of some neighboring body of 
water, have been observed all over the world. It is customary 
to explain these changes by supposing a direct connection between 
the river, lake or bay, but in many places, as in eastern Virginia, 
such connection is clearly impossible, owing to the depth of the 
wells and the nature of the intervening beds, some of them dense, 
tough marls and clays. These beds, however, though they do not 
transmit water, nevertheless contain it, and as water is practically 
incompressible, any variation of level on the river or bay is 
transmitted to the well through the water-filled gravels, sands, 
clays and marls. When a porous bed is tapped by a well the water 
rises to the point of equilibrium and fluctuates as the hand of the 
ocean varies its pressure on the beds that confine the artesian flow. 


Oct., 1910.1 CURRENT TopPIics, 55! 


Sources of Platinum. ANon. (Engineering, vol. cii, No. 2642, 
August 18, 1916.)—Russia had always been the source from which 
the bulk of the world’s supply of platinum has been obtained. The 
main output comes from the Ural Mountains. During 1910, 175,720 
ounces of crude platinum was secured, while in 1913 the quantity 
was 250,000 ounces and during 1914 about 241,200 ounces. The 
actual output is probably much greater, as a considerable quantity is 
sold without being officially recorded. The metal is found in placer 
deposits in several districts, of which the most important are: 
Tcherdin, Perm, North and South Ekaterinberg, and North and 
South Verkhotom. The output from these sources has been steadily 
increasing for a number of years. ‘The richer placer deposits have 
been derived from the prolonged weathering of a variety of olivine 
which occurs in the Ural Mountains, in a somewhat narrow zone. 
They occur also along the mountain slopes in the river beds. The 
average yield is now under an ounce of platinum per ton of gravel; 
formerly it was more. The workers have now either to exploit poorer 
placers, or to develop richer ones in more remote situations which 
are not only more difficult of access but more troublesome to work, 
Prospecting has been carried on from time to time, but additional 
deposits are not readily found. Some of the districts have been 
worked for nearly eighty years. The Northern Urals have not yet 
been thoroughly explored, but olivine districts are known to occur 
there. Dredgers and excavators are now employed for working the 
deposits. 

In Colombia, placer deposits have been extensively worked by 
the Spaniards since the sixteenth century; they contain both gold 
and platinum in the proportion of goo per cent. of the former and 
10 per cent. of the latter. Formerly only the gold was recovered 
and the platinum thrown away. The districts in which the bulk of 
the platinum is found are on the Pacific side of the Andes, in the 
valleys of the rivers Atrato, Aguendo, and San Juan. Both the 
platinum and the gold found in the placers have been eroded from 
veins in the rocks of the mountains, high up the water-shed. The 
output of crude platinum in Colombia is 15,000 ounces in 1913 and 
17,500 ounces in 1914. 

Placer mines yielding platinum occur in northern California and 
in southern Oregon; the metal is found there in minute, thin, flaky 
particles, and is always associated with black sands. It is also 
obtained from a copper-platinum-palladium ore, the product of a mine 
in Wyoming, and from a gold-platinum-palladium mine in Nevada. 
During 1912 the California output amounted to 603 ounces of crude 
platinum; for 1913 the combined output of California and Oregon 
was 483 ounces, and during 1914 it reached 570 ounces. Traces of 
platinum have also been found in British Columbia, a few miles from 
the village of Tulameen. The platinum is associated with chromite 
in mines worked for diamonds. It is also reported that platinum 
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deposits of considerable extent have been recently discovered in 
Spain. They are situated in the Ronda Mountains, about forty 
miles north of Gibraltar. These mountains are said to have the same 
geological structure as the Ural Mountains, but the formations of 
the Ronda section are much greater than the Russian. In the Rhine 
Provinces of Germany deposits have been discovered which may in 
the future yield a considerable output. Tasmania and New South 
Wales in 1914 produced 12,480 ounces. In 1913, 200 ounces of 
platinum were obtained from Borneo, Sumatra, and elsewhere. 


Measuring the Pressure of Light. G.D. West. (Proceedings 
of the Physical Society of London, vol. xxviii, part v, August 15, 
1916.)—The pressure of the radiation emitted by a carbon filament 
lamp at a distance of a few centimetres is sufficient to cause a micro- 
scopically measurable deflection of the end of a strip of gold or 
aluminum foil suspended in a closed test-tube. By this means the 
radiation pressure may be measured, and the results may be checked 
by a comparison with the energy density of the radiation as deduced 
from the initial rate of rise of temperature of an exposed blackened 
copper plate. Previous experiments were carried out in atmospheres 
of air and hydrogen, and at pressures extending from 76 centimetres 
to one centimetre of mercury. The present experiments deal with 
pressures from one centimetre of mercury down to the highest 
exhaustions that could be reached. 

As the pressure is lowered certain gas-action effects make their 
appearance, but, inasmuch as there is no appreciable difference of 
temperature on the two sides of the strip, the effects are somewhat 
different from those that occur in the ordinary type of Crookes 
radiometer. When the surface of the strip is closer to one side of 
the containing vessel than to the opposite side, a deflection away 
from the closer side occurs, and the direction of the deflection is 
independent of the side of the strip upon which radiation falls. 
With symmetrically placed strip the deflection should be negligibly 
small. An explanation of these effects is suggested and a special 
type of radiometer is described. The nature of the residual gas in 
the tube does not seem to be very important, but it is found that the 
repulsive force acting on the strip increases with decreasing pressure 
until a maximum is reached at about 0.002 centimetres of mercury. 
With a further reduction of pressure a progressive decrease takes 
place. By symmetrical suspension and by the use of liquid air and 
charcoal, it is possible to so reduce the gas-action effect that meas- 
urements of the pressure of light of reasonable accuracy are again 
possible. Experiments on the pressure of light may thus be advan- 
tageously carried out at the highest vacua obtainable, or at pressures 
as far above 0.002 centimetre of mercury as convection currents will 
permit. The latter alternative is easier and leads to more consistent 


results. 
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